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© Catalyst for purifying exhaust gas. 



(57) An exhaust gas purifying catalyst for simultaneous removal of carbon monoxide, hydrocarbons and 
nitrogen oxides from an exhaust gas from an internal-combustion engine, having carried on a 
monolithic carrier a mixture comprising a catalytically active component comprising 0.5 to 30 g of 
palladium, 0.1 to 50 g of an alkaine earth metal oxide, 10 go 150 g of cerium oxide, and 0.1 to 50 g of 
zirconium oxide and 10 to 300 g of an activated alumina. 
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This invention relates to a catalyst for purifying an exhaust gas and an exhaust gas purifying system. More 
particularly, it relates to an exhaust gas purifying catalyst for simultaneously divesting the exhaust gas from 
the internal-combustion engine such as on an automobile of such noxious components as carbon monoxide 
(CO), hydrocarbons (HC), and nitrogen oxides (NOx) and an exhaust gas purifying system. 

Various inventions have been proposed concerning exhaust gas purifying catalysts capable of removing 
noxious components from the exhaust gas which issues from the internal-combustion engine. 

Heretofore, it has been universally known that palladium catalysts possess high heat-resistance and exhibit 
great purifying ability to the CO and HC in the oxidizing atmosphere [the so-called lean portion in which the air 
fraction is larger in the air/fuel mixture (A/F)] of the exhaust gas from the engine. They nevertheless have the 
disadvantage that they are deficient in the NOx purifying ability in the reducing atmosphere [the so-called rich 
portion in which the fuel fraction is larger in the air/fuel mixture (A/F)] of the engine exhaust gas. Thus, the pal- 
ladium catalysts are used only on the lean side of the atmosphere in the form of a so-called oxidizing catalyst. 
Otherwise, they are used in the form of a three-way catalyst combining the palladium with rhodium, a substance 
possessing great NOx purifying ability, and effecting simultaneous removal of CO, HC, and NOx. 

Since rhodium is very expensive, a desire has been expressed in the industry to decrease the amount of 
rhodium to be used as a catalyst component or avoid completely the use of rhodium as such. Since rhodium 
is characterized by possessing great NOx purifying ability, however, it constitutes itself an indispensable com- 
ponent for an exhaust gas purifying catalyst to be used for simultaneous removal of carbon monoxide (CO), 
hydrocarbons (HC), and nitrogen oxides (NOx). 

An object of this invention, therefore, is to provide a novel exhaust gas purifying catalyst and an exhaust 
gas purifying system. 

Another object of this invention is to provide an exhaust gas purifying catalyst capable of simultaneously 
removing the three components, CO, HC, and NOx, at an extremely small application rate without requiring 
use of rhodium and an exhaust gas purifying system. 

These objects are accomplished by an exhaust gas purifying catalyst for simultaneous removal of carbon 
monoxide, hydrocarbons and nitrogen oxides from the exhaust gas of the internal-combustion engine, which 
catalyst is obtained by depositing on a monolithic carrier a mixture comprising a catalytically active component 
comprising 0.5 to 30 g of palladium, 0.1 to 50 g of an alkaline earth metal oxide, 10 to 150 g of cerium oxide, 
and 0.1 to 50 g of zirconium oxide and 10 to 300 g of an activated alumnina per liter of the catalyst. 

These objects are further accomplished by an exhaust gas purifying system using on the exhaust gas inlet 
side thereof a catalyst obtained by depositing on a monolithic carrier a mixture comprising a catalytically active 
component comprising 0.5 to 30 g of palladium, 0.2 to 50 g of an alkaline earth metal oxide, 10 to 150 g of 
cerium oxide, and 0.1 to 50 g of zirconium oxide and 10 to 300 g of a refractory inorganic oxide activated alumina 
per liter of the catalyst and on the exhaust gas outlet side thereof a catalyst obtained by depositing on a mono- 
lithic carrier a mixture comprising a catalytically active component comprising (a) rhodium and platinum or (b) 
rhodium, platinum, and palladium and the refractory inorganic oxide. 

These objects are also accomplished by an exhaust gas purifying system using on the exhaust gas inlet 
side thereof a catalyst obtained by depositing on monolithic carrier a mixture comprising a catalytically active 
component comprising (a) rhodium and platinum or (b) rhodium, platinum, and palladium and the refractory in- 
organic oxide and on the exhaust gas outlet side thereof a catalyst obtained by depositing on a monolithic carrier 
a mixture comprising a catalytically active component comrisihg 0.5 to 30 g of palladium, 0.1 to 50 g of an 
alkaline earth metal oxide, 10 to 150 g of cerium oxide, and 0.1 to 50 g of zirconium oxide and 10 to 300 g of 
an activated alumina per liter of the catalyst. 

The exhaust gas purifying catalyst according to this invention is produced by depositing on a a monolithic 
carrier a mixture which comprises a catalytically active component consisting of palladium, an alkaline earth 
metal oxide, a cerium oxide, and zirconium oxide and an activated alumina. 

It is suspected that the addition of an alkaline earth metal oxide is effective in heightening the reactivity of 
the catalytically active component by the added oxide directly acting on palladium and varying the state of elec- 
tric charge thereof. This effect of the alkaline earth metal oxide is further enhanced by the use of a cerium oxide 
and a zirconium oxide. Furher, heat resistance and purifying ratio of crossover point increase by increasing 
the amount of these oxides. 

This invention has originated in a knowledge that the combination of palladium with an alkaline earth metal 
oxide, a cerium oxide, and a zirconium oxide not only brings about a notable improvement in the palladium catal- 
yst's NOx purifying ability otherwise manifested insufficiently on the rich side of the engine exhaust gas but 
also improves the catalyst's ability to purge the exhaust gas of CO, HC, and NOx even when the fuel gas compo- 
sition closely approximates the stoichiometric ratio (containing air in an amount required for complete combus- 
tion of the fuel gas). This invention has been perfected as a result. 

The amount of palladium to be us d in the catalyst of this invention, though variable with the conditions 
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under which the catalyst is used, generally is in the range of from 0.5 to 30 g, preferably from 0.5 to 25 g, per 
liter of the catalyst. If the amount of palladium is less than 0.5 g, the produced catalyst is deficient in the purifying 
ability. Conversely, if this amount exceeds 30 g, the excess brings about no proportionate addition to the per- 
formance of the produced catalyst. 

5 The position for the deposition of palladium is variable with the amount of palladium to be used and the 

conditions under which the produced catalyst is used. The palladium is deposited either selectively or otherwise 
on the zirconium oxide, the cerium oxide, and the activated alumina. 
: The alkaline earth metals which are effectively usable herein include beryllium, magnesium, calcium, stron- 
tium, and barium. Particularly, at least one element selected from the group consisting of calcium, strontium, 

10 and barium proves preferable. The amount of the alkaline earth metal oxide to be used is in the range of from 
0.1 to 50 g, preferably from 0.5 to 40 g, per liter of the catalyst. Since the alkaline earth metal salt can be de- 
posited on any of the cerium oxide, zirconium oxide, composite thereof, and solid solution thereof, and an acti- 
vated alumina, the method to be used for the preparation of this alkaline earth metal salt is not particularly 
limited. 

15 The precursor of the alkaline earth metal oxide may be an oxide, an organic salt, or an inorganic salt. This 

invention does not particularly discriminate the alkaline earth metal oxide on account of its precursor. Typical 
examples of the precursor are barium acetate, barium oxalate, barium nitrate, barium hydroxide, and barium 
carbonate. As respects the state of aggregation of this precursor, the precursor may be in the form of an 
aqueous solution, a gel, a suspension, or a solid. 

20 The weight ratio of the alkaline earth metal to palladium is in the range of from 1 : 100 to 150 : 1, (alkaline 

earch metal oxide/palladium from 1 : 100 to 100 : 1, and more preferably from 1 : 100 to 80 : 1. If the amount 
of the alkaline earth metal oxide is smaller than 1 : 100, the produced catalyst is deficient in three way perform- 
ance, particularly the purifying ratio of NO. If the amount of the alkaline earth metal oxide exceeds 150 : 1 , though 
the excess goes to improving the effect of addition of this oxide, it imposes a limit on the ratios and amounts 

25 of other oxides to be deposited on account of the relation between the amounts of other oxides to be deposited 
and the strength of the catalyst. 

The cerium oxide is not particularly discriminated by the origin thereof. To be used herein, it may be already 
in the form of an oxide or it may be prepared in the form of an oxide by calcining a varying water-soluble salt 
of cerium. The amount of the cerium oxide to be used is in the range of from 10 to 150 g, preferably from 20 

30 to 140 g, per liter of the catalyst. If this amount is less than 1 0 g, the produced catalyst is deficient in the purifying 
ability. Conversely, if the amount exceeds 1 50 g, the excess brings about no proportionate addition to the effect 
thereof 

The cerium oxide source to be used in this invention is not discriminated on account of the kind of starting 
material so long as it is allowed to exist as cerium dioxide (Ce0 2 ) in the catalyst. For example, Ce0 2 , cerium 

35 carbonate, and cerium hydroxide which are available in the market can be used. A cerium salt solution such 
as, for example, an aqueous cerium nitrate solution may be deposited by impregnation on the activated alumina. 
The water-insoluble cerium compounds which are effectively usable herein include cerium oxide, cerium hyd- 
roxide, and cerium carbonate. The water-insoluble cerium compound is used in the form of a fine powder. 
The zirconium oxide is not particularly discriminated on account of the kind of its starting material. To b 

40 used herein, it may be already in the form of an oxide or it may be prepared in the form of zirconium oxide by 
calcining a varying water-soluble zirconium salt The amount of the zirconium oxide to be used is in the range 
of from 0.1 to 50 g, preferably from 1 to 50 g ? per liter of the catalyst. If this amount is less than 0.1 g, the added 
zirconium oxide manifests no sufficient effect. If the amount exceeds 50 g, the excess goes only to impairing 
the purifying ability of the produced catalyst. 

45 The cerium oxide and zirconium oxide are preferable to have at least part thereof exist in the form of a 

composite or a solid solution in the catalyst. The ratio (weight ratio as oxide) of the cerium oxide to the zirconium 
oxide is in the range of from 100 : 2 to 100 : 60, preferably from 100 : 4 to 100 : 40. If the proportion of the cerium 
oxide is larger than 100 : 2, the excess impairs the produced catalyst in performance. If the proportion of the 
zirconium oxide is larger than 100 : 60, the excess tends to degrade the performance of the produced catalyst. 

so The methods which are available for the preparation of the composite or solid solution of the cerium oxide 

and zirconium oxide are enumerated below. Though these methods are not particularly discriminated so long 
as they are capable of enabling at least part of the oxides to exist in the form of a composite or solid solution 
in the catalyst, they are preferable to allow the oxides to satisfy the weight ratio defined above. 

Specifically, (1) a method which comprises drying an aqueous solution of water-soluble cerium salt and 

55 zirconium salt and calcining the resultant dried composite, (2) a method which comprises subjecting a cerium 
oxide and a zirconium oxide to a solid-phase reaction, (3) a method which comprises impregnating a cerium 
oxide with the aqueous solution of a water-soluble zirconium salt and drying and calcining the resultant product 
of impregnation, (4) a method which comprises impregnating an activated alumina with the aqueous solution 

3 
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of water-soluble cerium salt and zirconium salt and drying the calcining the resultant product of impregnation, 
and (5) a method which comprises coating a monolithic carrier with an activated alumina oxide, impregnating 
the coated carrier with the aqueous solution of water-soluble cerium salt and zirconium salt, and drying and 
calcining the resultant product of impregnation are typical examples. One of these methods may be properly 
5 selected in due consideration of the suitability thereof to the particular manner of preparation of the catalyst 
being contemplated. 

The cerium oxide to be used in this invention is required to be such that it forms crystals not more than 
250 A in diameter after it has been calcined in the air at 900°C for 10 hours. The cerium oxide which satisfies 
this requirement possesses thermal stability and serves to improve the durability of the catalyst. If the crystals 

10 have diameters exceeding 250 A, the cerium oxide is deficient in thermal stability. The diameters of these crys- 
tals are determined by combining the cerium oxide and zirconium oxide so as to prepare a powder at least part 
of which is in the form of a composite or solid solution thereof or optionally preparing a catalyst, then firing the 
powder or the catalyst in the air at 900°C for 10 hours, subjecting a sample of the product of calcination to X-ray 
diffraction analysis thereby obtaining an X-ray diffraction chart, and performing a calculation using the half-value 

is widths found in the chart. 

The combination of the cerium oxide and zirconium oxide at least part of which forms a composite or solid 
solution, after 10 hours calcinationfiring in the air at 900°C and 30 minutes reduction with hydrogen at 500°C, 
is preferable to exhibit an oxygen consumption at 400°C in the range of not less than 5 x 10- 5 mol (calculated 
as 0 2 ) per g of the cerium oxide. If the oxygen consumption is less than 5 x 10- 5 mol (calculated as 0 2 ) per g 

20 of the cerium oxide, the produced catalyst is deficient in durability. 

The determination of the oxygen consumption is performed with an ordinary flow type pulse reaction device 
by calcinating in the air at 900°C for 1 0 hours the combination of the cerium oxide and zirconium oxide at least 
part of which is in the form of a composite or solid solution, packing the device with a prescribed amount of the 
resultant powder, sweeping the powder with an inert gas, then reducing the powder with hydrogen at 500°C 

25 for 30 minutes, again sweeping the reduced powder with the inert gas, cooling the hot powder to 400°C, passing 
pulses of oxygen through the powder, measuring the amount of oxygen consumed during the passage, and 
calculating the oxygen consumption per g of the cerium oxide based on the result of the measurement. 

The activated alumina is generally in a powdery form. These particles have a specific surface area in the 
range of from 10 to 400 m 2 /g, preferably from 50 to 300 m 2 /g. The amount to be used is 10 to 300g preferably 

30 50 to 250 g per liter of the catalyst. That is, if it is less than 10g, purifying performance is insufficient, and if it 
is more than 300g, back pressure of the catalyst increases, so it is not preferable. The activated alumina means 
irregular alumina having crystal form such as x» p. y» 5, "n or 0 form. 

In this invention, the aforementioned catalytically active component comprising palladium, an alkaline earth 
metal oxide, a cerium oxide, and a zirconium oxide may further incorporate therein a lanthanum oxide. This 

35 addition improves the result of the use of the catalyst. 

The lanthanum oxide is not particularly discriminated on account of the particular kind of its starting ma- 
terial. Either lanthanum oxide or a varying water-soluble salt of lanthanum can be deposited either selectively 
or otherwise on an activated alumina, the cerium oxide, and the zirconium oxide. 

The amount of the lanthanum oxide to be used is in the range of from 0.1 to 50 g, preferably from 0.5 to 

40 30g per liter of the catalyst. If this amount is less than 0.1 g, the added lanthanum oxide produces only an in- 
sufficient effect. Conversely, if the amount exceeds 50 g, the excess brings about no proportionate addition to 
the effect. 

In this case, the catalytic component which comprises (a) palladium and an alkaline earth metal oxide, (b) 
a cerium oxide having zirconium and lanthanum deposited thereon, and (c) an actvated alumina having cerium 
45 and zirconium deposited thereon is preferable to be deposited on a carrier of a monolithic structure. 

The position for the deposition of palladium is variable with the amount of palladium to be used and the 
conditions under which the catalyst is used. The palladium is deposited either selectively or otherwise on the 
zirconium oxide, cerium oxide, and lanthanum oxide, and on an activated alumina. 

The zirconium and lanthanum can be used in the form of water-soluble salts such as nitrate and sulfate, 
50 in the form of a gel, or in the form of a suspended solution, for example. 

For the preparation of the cerium oxide having zirconium and lanthanum deposited thereon, (1) a method 
which comprises simultaneously impregnating the cerium oxide with the aqueous solution of the zirconium salt 
and lanthanum salt mentioned above and drying and calcining the resultant product of impregnation, (2) a 
method which comprises impregnating the cerium oxide first with the aqueous solution of a zirconium salt and 
55 then with the aqueous solution of a lanthanum salt thereby depositing the salts on the cerium oxide, and (3) a 
method which comprises impregnating the cerium oxide first with the aqueous solution of a lanthanum salt and 
then with the aqueous solution of a zirconium salt thereby depositing th salts on the cerium oxide are available. 
One of these methods may be properly selected for the preparation under discussion. 

4 
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The zirconium which is thus deposited on the cerium oxide is preferable to have at least part thereof form 
a composite or solid solution in conjunction with the cerium oxide and/or lanthanum oxide. 

The ratio (weight ratio as oxide) of the cerium oxide having zirconium and lanthanum deposited thereon 
to the cerium contained in the activated alumina having cerium and zirconium deposited thereon is preferable 
s to be in the range of from 100 : 1 to 10 : 100, preferably from 100 ; 5 to 10 : 100. If the proportion of the cerium 
oxide is larger than 100 : 1 , the produced catalyst betrays a decline in the NOx purifying ability on the rich side. 
Conversely, if the proportion of the cerium in the refractory inorganic oxide is larger than 10 : 100, the produced 
catalyst tends to be deficient in performance. 

In this invention, the catalytically active component which comprises of palladium, an alkaline earth metal 
10 oxide, a cerium oxide, and a zirconium oxide may further incorporate therein at least one member selected from 
the group consisting of silicon oxides and titanium oxides for the purpose of producing an improved result. 

The titanium oxide source is not particularly discriminated on account of the particular kind of its starting 
material. To be used herein, it may be already in the form of an oxide or it may be in the form of a watersoluble 
or water-insoluble salt which is converted by calcining into an oxide. 
15 Further, the titanium oxide may be used as combined with the oxide of at least one element selected from 

the group consisting of silicon, zirconium, cerium, alkaline earth metals, and aluminum. 

The amount of the titanium oxide to be used is in the range of from 1 to 150 g, preferably 5 to 100 g t per 
liter of the catalyst, if this amount is less than 1 g, the effect produced by the added titanium oxide is short of 
the level aimed at. Conversely, if the amount exceeds 150 g, the excess brings about no proportionate addition 
20 to the effect 

The use of the titanium oxide for the purpose mentioned above can be attained by various methods such 
as, for example, (1) a method which comprises mixing the titanium oxide itself with the other constituents of 
the catalytically active component, (2) a method which comprises impregnating an activated alumina with an 
aqueous solution of titanium thereby effecting deposition of titanium oxide on the refractory inorganic oxide, 
25 (3) a method which comprises impregnating either or both of the cerium oxide and zirconium oxide or a com- 
posite of the two oxides with an aqueous solution of titanium thereby effecting deposition of titanium oxide the- 
reon, and (4) a method which comprises mixing the aqueous solution of titanium with the aqueous solution of 
an alkaline earth metal oxide and drying and calcining the resultant mixture thereby producing a mixture or com- 
posite. 

30 The silicon oxide source is not specifically discriminated. For example, oxide sol and various watersoluble 

salts which are enabled by firing to form silica can be used. The use of the silicon oxide is attained by causing 
the aqueous solution mentioned above to be deposited either selectively or otherwise on the activated alumina 
and on the titanium oxide, cerium oxide, and zirconium oxide. The amount of the silicon oxide to be used is in 
the range of from 0.05 to 50 g, preferably from 0.1 to 30 g, per liter of the catalyst. If this amount is less than 

35 0.05 g, the effect of the addition of the silicon oxide is not obtained. Conversely, if the amount exceeds 50 g, 
the excess brings about no proportionate addition to the effect. 

In this invention, the catalytically active component which comprises palladium, an alkaline earth metal 
oxide, a cerium oxide, and a zirconium oxide may further incorporate therein the oxide of at least one element 
selected from the group consisting of iron, cobalt, and nickel for the purpose of further improving the result of 

40 use of the produced catalyst. 

The oxide of at least one element selected from the group of iron, cobalt, and nikcel is not particularly dis- 
criminated. An oxide sol or water-soluble salt suitably selected from the members defined above is deposited 
either selectively or otherwise on the activated alumina or the cerium oxide or zirconium oxide. The amount of 
the oxide to be used is in the range of from 0.1 to 20 g, preferably from 0.5 to 10 g, per liter of the catalyst. If 

45 this amount is less than 0.1 g, the added oxide fails to manifest the effect aimed at. Conversely, if the amount 
exceeds 20 g, the excess goes to impairing the purifying ability of the produced catalyst. 

The preparation of the catalyst is attained by various methods such as, for example, (1) a method which 
comprises mixing a catalytically active component and an activated alumina in respective whole amounts such 
as in a ball mill thereby forming an aqueous slurry, coating a monolithic carrier with the aqueous slurry, then 

so drying the resultant wet composite, and optionally calcining the dry composite thereby producing a complete 
catalyst, (2) a method which comprises preparatorily coating a monolithic carrier with an activated alumina, im- 
mersing the coated carrier in the aqueous solution of water-soluble cerium salt and zirconium salt, drying and 
calcining the impregnated carrier, and subsequently eff cting deposition of a catalytically active component on 
the calcined composite by following the same procedure as above, and (3) a method which comprises mixing 

55 a composite oxide and an activated alumina having necessary components deposited thereon such as in a ball 
mill thereby forming an aqueous slurry, coating a monolithic carrier with the aqueous slurry, then drying the 
resultant wet composite, and optionally calcining the dried composite thereby producing a complete catalyst. 
One of these methods may be properly selected and used with necessary modifications to be made with due 

5 
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consideration to the convenience of procedure. 

The amount of the catalytically active component to be used per liter of the monolithic carrier is in the range 
of from 50 to 400 g, preferably from 100 to 350 g. If this amount is less than 50 g, the produced catalyst is de- 
ficient in the purifying ability. Conversely, if the amount exceeds 400 g, the disadvantage arises that the back 

5 pressure generated when the monolithic carrier is coated with the catalytically active component is suffered to 
increase to an unduly high level. 

The incorporation of the lanthanum oxide in the catalytically active component can be attained by various 
methods such as, for example, (1) a method which comprises impregnating an activated alumina simul- 
taneously with watersoluble cerium and zirconium salts, drying the resultant wet composite, and calcining the 

w dried composite, (2) a method which comprises impregnating an activated alumina with a water-soluble cerium 
salt thereby effecting deposition of the cerium salt on the oxide and then impregnating the resultant composite 
with a water-soluble zirconium salt thereby effecting deposition of the salt on the composite, and (3) a method 
which comprises impregnating an activated alumina with a water-soluble zirconium salt thereby effecting de- 
position of the salt on the oxide and then impregnating the resultant composite with a water-soluble cerium salt 

15 thereby effecting deposition of the salt on the composite. 

The carrier possessing a monolithic structure and used in this invention is generally referred to as a 
"ceramic honeycomb carrier." Particularly, honeycomb carriers made of such materials as cordierite, mullite, 
a-alumina, zirconia, titania, titanium phosphate, aluminum titanate, petalite, spodumene, alumino-silicate, and 
magnesium silicate prove preferable. The honeycomb carrier made of cordierite among other ceramic materials 

20 proves especially suitable for the catalyst intended for the exhaust gas from the internal-combustion engine. 
A carrier formed in one-piece structure of such a metal as stainless steel or a Fe-Cr-AI alloy which is resistant 
to oxidation and proof against heat can be used. The monolithic carrier is manufactured by the extrusion molding 
technique or a method which comprises winding a sheet-like material into a tight roll. The mouths for gas pas- 
sage (cells) of the honeycomb carrier may be shaped in a hexagonal, tetragonal, triangular, or corrugated cross 

25 section. The honeycomb carrier fulfils its function with amply satisfactory results when it has a cell density (num- 
ber of cells/unit cross sectional area) in the range of from 150 to 600 cells/square inch. 

The monolithic carrier which is coated with the catalytically active component and an activated alumina, 
after the step of drying, is preferable to be calcined at a temperature in the range of from 200 to 800°C, preferably 
from 300 to 700°C, for a period in the range of from 0.1 to 5 hours, preferably from0.2 to 3 hours, to form a 

30 complete catalyst. 

The catalyst which is obtained as described above is inserted in a converter and used for purifying the 
exhaust gas from the internal-combustion engine such as on an automobile. 

This catalyst may be used in an exhaust gas purifying system as a catalyst on the exhaust gas inlet side, 
while a catalyst obtained by depositing on a a monolithic carrier a mixture comprising a catalytically active com- 
35 ponent (a) rhodium and platinum or (b) rhodium, platinum, and palladium and a refractory inorganic oxide is 
used in the same system as a catalyst on the exhuast gas outlet side. 

Conversely, the exhaust gas purifying system may use on the exhaust gas inlet side thereof the catalyst 
obtained by depositing on a monolithic carrier a mixture comprising a catalaytically active component compris- 
ing (a) rhodium and platinum or (b) rhodium, platinum, and palladium and an refractory inorganic oxide and on 
40 the exhaust gas outlet side thereof the catalyst of this invention mentioned above. 

The precious metals to be contained in the precious metal catalyst which is used in the exhaust gas puri- 
fying system mentioned above are (a) rhodium and platinum or (b) rhodium, platinum, and palladium. The total 
amount of these precious metals to be used in the catalyst is in the range of from 0.1 g to 10 g, preferably from 
0.3 g to 5 g, per liter of the catalyst. If this amount is less than 0.1 g, the produced precious metal catalyst is 
45 deficient in the purifying ability. Conversely, if the amount exceeds 10 g. the excess sparingly brings about a 
proportionate addition to the effect. 

The refractory inorganic oxides which are effectively usable herein include activated alumina, silica, titania, 
cerium oxide, zirconium oxide, and oxides of alkali metals, alkaline earth metals, rare earth metals, iron, cobalt, 
and nickel, for example. These refractory inorganic oxides may be added in the form of metal or a metal oxide, 
so for example. Activated alumina, cerium oxide, and zirconium oxide prove particularly desirable among other 
examples cited above. 

The amount of the activated alumina (c) to be used is in the range of from 10 g to 350 g, preferably from 
10 g to 250 g, per liter of the catalyst. 

The monolithic carrier to be used in the catalyst on the exhaust gas inlet side and in the catalyst on the 
55 exhaust gas outlet side may be any of monolithic structures generally used in exhaust gas purifying catalysts. 
The honeycomb type or corrugated type monolithic structure is used. The material for the monolithic carrier 
has no particular restriction except for the sole requirement that it should possess fire proof n ess. For example, 
the monolithic carrier made of such a ceramic substance as cordierite which possesses fireproof ness or such 

6 
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a fenrite type metal as stainless steel can be used. 

The volumetric ratio of the catalyst on the exhaust gas inlet side to the catalyst on the exhaust gas outlet 
side is in the range of from 100 : 1 to 1 : 100, preferably from 50 : 1 to 1 : 50. If this volumetric ratio is less than 
100 : 1 or not less than 1 : 100, the improvement of the performance due to the combination of these two catal- 
5 ysts is not manifested. 

The catalyst on the exhaust gas inlet side and the catalyst on the exhaust gas outlet side can be installed 
in one and the same catalytic converter. Otherwise, they may be installed as suitably separated, depending 
on the shape of the exhaust gas pipe, the shape of the catalyst, and so on. 

The catalyst on the exhaust gas inlet side and the catalyst on the exhaust gas outlet side each need not 
10 be limited to one piece. The catalyst on the exhaust gas inlet side and the catalyst on the exhaust gas outlet 
side may be used each as divided into a plurality of pieces, on the condition that this division should avoid in- 
conveniencing the design of the exhaust gas purifying system in terms of the shape of the exhaust gas pipe, 
the selection of the position of the installation of catalyst, and the repression of the increase of back pressure 
of the exhaust gas, for example. 
15 Now, this invention will be described more specifically below with reference to working examples. Of 

course, this invention may be practised otherwise without departing from the spirit of this invention. 

Example 1-1 

20 Commercially available cerium oxide (Ce0 2 , specific surface area 149 m 2 /g) and an aqueous zirconyl oxyni- 

trate solution were mixed in a Ce0.2/ZrO.2 ratio of 10/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). The resultant 
mixture was dried and then calcined at 500°C for one hour, to produce a powder. In a ball mill, 100 g of the 
powder and an aqueous palladium nitrate solution containing 200 g of activated alumina (y-AI 2 0 3 , average par- 
ticle diameter 45 um, and specific surface area 1 55 rr^/g), 1 6.7 g of barium acetate, and 4 g of palladium were 

25 pulverized to prepare an aqueous slurry. A monolithic carrier (33 mm in outside diameter x 76 mm in length) 
of cordierite possessing 400 cells per square inch of cross section was immersed in the slurry, removed from 
the slurry, blown with compressed air to expel excess slurry from within the cells, dried, and fired to obtain a 
complete catalyst. 

30 Example 1-2 

A complete catalyst was obtained by following the procedure of Example 1-1, except that the amount of 
barium acetate was changed from 16.7 g to 50.1 g. 

35 Example 1-3 

A complete catalyst was obtained by following the procedure of Example 1-1, exceptthat the amount of 
barium acetate was changed from 16.7 g to 0.83 g. 

40 Example 1-4 

A complete catalyst was obtained by following the procedure of Example 1-1 , except that 28.2 g of calcium 
acetate was used in the place of barium acetate. 

45 Example 1-5 

A complete catalyst was obtained by following the procedure of Example 1-1, exceptthat 1 9.8 g of strontium 
acetate was used in the place of barium acetate. 

so Example 1-6 

A complete catalyst was obtained by following the procedure of Example 1 -1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 30 g) and the amount of the activated alumina 
was changed to 270 g. 

55 

Example 1-7 

A complete catalyst was obtained by following the procedure of Example 1-1 , except that the Ce0 2 /Zr0 2 
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ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 160 g) and the amount of the activated alumina 
was changed to 140 g. 

Example 1-8 

5 

A complete catalyst was obtained by following the procedure of Example 1-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/3 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

Example 1-9 

10 

A complete catalyst was obtained by following the procedure of Example 1-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

Example 1-10 

15 

A complete catalyst was obtained by following the procedure of Example 1-1, except that 35.3 g of mag- 
nesium acetate was used in the place of barium acetate. 

Example 1-11 

20 

A complete catalyst was obtained by following the procedure of Example 1-1, except that an aqueous pal- 
ladium nitrate solution containing 2 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

25 Example 1-12 

A complete catalyst was obtained by following the procedure of Example 1-1, except that an aqueous pal- 
ladium nitriate solution containing 8 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

30 

Example 1-13 

A complete catalyst was obtained by following the procedure of Example 1-1, except that an aqueous pal- 
ladium nitrate containing 16 g of palladium was used in the place of the aqueous palladium nitrate solution con- 
35 taining 4 g of palladium. 

Example 1-14 

A complete catalyst was obtained by following the procedure of Example 1-1, except that an aqueous pal- 
40 ladium nitrate solution containing 40 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 2-1 

45 A complete catalyst was obtained by following the procedure of Example 1-1, except that the amount of 

barium acetate was changed from 16.7 g to 133.6 g. 

Example 2-2 

so A complete catalyst was obtained by following the procedure of Example 1-1, except that the Ce0 2 /Zr0 2 

ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 200 g) and the amount of the activated alumina 
was changed to 100 g. 

Example 2-5 

55 

A complete catalyst was obtained by following the procedure of Example 1-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 260 g) and the amount of the activated alumina 
was changed to 40 g. 
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Control 1-1 

A complete catalyst was obtained by following the procedure of Example 1-1 , except that the use of barium 
acetate was omitted. 

5 

Control 1-2 

A complete catalyst was obtained by following the procedure of Example 1-1, except that the use of zirconyl 
oxynitrate was omitted. 

10 

Control 1-3 

A complete catalyst was obtained by following the procedure of Example 1 -1 , except that the use of zirconyl 
oxynitrate and barium acetate was omitted. 

15 

Control 1-4 

A complete catalyst was obtained by impregnating 200 g of the same activated alumina as used in Example 
1 with a solution resulting from mixture of an aqueous platinum dinitrodiamine solution containing 2.25 g of plati- 
20 num with an aqueous rhodium nitrate solution containing 0.22 g of rhodium thereby forming a powder having 
the solutes deposited on the activated alumina, then pulverizing the powder and 1 00 g of the same cerium oxide 
as used in Example 1-1 in a ball mill, and then subjecting the product of pulverization to the procedure of 
Example 1-1. Control 1-5 

A complete catalyst was obtained by impregnating 200 g of the same activated alumina as used in Example 
25 1-1 with the mixture of an aqueous palladium nitrate solution containing 2.25 of palladium with an aqueous 
rhodium nitrate solution containing 0.22 g of rhodium, drying the product of impregnation, calcining the dried 
composite to form a powder, pulverizing the powder and 100 g of the same cerium oxide as used in Example 
1-1 in a ball mill, and subjecting the product of pulverization to the procedure of Example 1-1. 

30 Control 1-6 

A complete catalyst was obtained by pulverizing in a ball mill a solution resulting from mixture of an aqueous 
platinum dinitrodiamine solution containing 2.25 g of platinum with an aqueous rhodium nitriate solution con- 
taining 0.22 g of rhodium, a powder having 16.7 g of barium acetate deposited on 200 g of the same activated 
35 alumina as used in Example 1-1 , and 1 00 g of a powder obtained by mixing the same cerium oxide and aqueous 
zirconyl oxynitrate solution as used in Example 1-1 in a Ce0 2 /Zr0 2 ratio of 10/1 (the total weight of Ce0 2 and 
Zr0 2 : 100 g), drying the resultant mixture, and calcining the dry mixture at 500°C for one hour, and subjecting 
the resultant pulverized mixture to the procedure of Example 1-1. 

40 Control 1-7 

A complete catalyst was obtained by following the procedure of Example 1-1 , except that 100 g of zirconium 
oxide was used in the place of cerium oxide and zirconium oxide. 

The catalysts obtained in the working examples and controls described above were tested for amount of 
45 catalytic component deposited per liter of catalyst. The results are shown in Table 1. 

Example 1-15 

The catalysts of Examples 1-1 to 2-3 and the catalysts of Controls 1-1 to 1-7 were tested for catalytic activity 
so after use in an engine durability test. 

The durability test was conducted by filling a multiconverter with sample catalysts, connecting the multicon- 
verter to an exhaust sytem of a commercially available electronic control type engine (8 cylinders, 4,400 cc), 
and running the engine as prescribed. The engine was operated in a pattern of 60 seconds steady operation 
and 6 seconds reduced-speed operation (during the reduced-speed operation, the fuel supply was cutoff and 
55 the catalyst was exposed to the harsh conditions of high-temperature oxiding atmosphere), with the catalysts 
left aging for 50 hours under such conditions that the catalyst inlet gas temperature remained at 850°C during 
the steady operation. 

The catalysts, after the aging, were tested for catalytic properties by filling a multiconverter with the catal- 
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ysts, connecting this multiconverter to an exhaust system of a commercially available electronic control type 
engine (4 cylinders, 1,800 cc), and running the engine as prescribed. They were tested for three-way perform- 
ance under the conditions of 400°C of catalyst inlet gas temperature and 90,000 hr 1 of space velocity. In this 
case, the average air/fuel ratio was continuously varied by introducing a 1 Hz seine wave signal from an external 
5 oscillator to a control unit of the engine thereby fluctuating the air/fuel (A/F) ratio to ± 1 .0 at 1 Hz while analyzing 
catalyst inlet and outlet gases simultaneously for composition thereby finding purifying ratios of CO, HC, and 
NO over the range of average air/fuel (A/F) ratio between 15.1 and 14.1. 

A three-way characteristic curve was obtained by plotting the purifying ratios of CO, HC, and NO found as 
described above vs. the air/fuel ratios on a graph. The purifying ratio at the intersection of the CO and NO puri- 
10 tying ratio curves (hereinafter referred to as "crossover point"), the HC purifying ratio for the A/F value at that 
intersection, and the CO, HC, and NO purifying capacities at the A/F value of 14.2 (the rich side of the engine 
exhaust gas) are shown in Table 2. 

It is clearly noted from Table 2 that the catalysts conforming to the teaching of this invention containing 
only palladium and no rhodium as precious metal were capable of simultaneously removing the three compo- 
15 nents, CO, HC, and NOx. 

The catalysts were tested for purifying ability at low temperatures by connecting a multiconverter filled with 
sample catalysts to an exhaust system of an engine, inserting a heat exchanger in the exhaust system in front 
of the multiconverter, operating the engine at a fixed average air/fuel ratio (A/F) of 14.6 while fluctuating the 
air/fuel ratio (A/F) to ±0.5 at 1 Hz, continuously varying the catalyst inlet gas temperature from 200°C to 500 U C, 
20 and analyzing the catalyst inlet and outlet gases for composition, and finding the CO, HC, and NO purifying 
ratios. The temperatures at which the CO, HC, and NO purifying ratios were found to be 50% (light-off tem- 
perature) as described above are shown in Table 3. 

Example 2-4 

25 

The Ce0 2 crystals were tested for diameter and oxygen consumption by the following procedure. 
Example 2-A 

30 The same cerium oxide and aqueous zirconyl oxy nitrate solution as used in Example 1-1 were mixed at 

varying Ceo 2 /Zr0 2 ratios of 100/4 (Sample No. a), 100/10 (Sample No. b), 100/30 (Sample No. c), and 100/50 
(Sample No. d). The resultant mixtures were dried, calcined at 500°C, and then calcined in the air at 900°C for 
10 hours. In these samples, the total weight of Ce0 2 and Zr0 2 was invariably 20 g. 

35 Example 2-B 

An aqueous cerium nitrate solution and an aqueous zirconyl oxy nitrate solution were mixed at a Ce0 2 /Zr0 2 
ratio of 100/10 (Sample No. e). The resultant mixture was dried, fired at 500°C for one hour, and then calcined 
in the air at 900°C for 10 hours. 

40 

Example 2-C 

In the air, 20 g of the same cerium oxide as used in Example 1-1 was calcined at 900°Cfor 10 hours (Sample 
f for control). 

45 

Measurement of crystal diameter 

The samples of Examples 2-A, 2-B, and 2-C were subjected to X-ray diffraction to find diameters of cerium 
oxide crystals. The results are shown in Table 4. An object of the measurement of crystal diameter resides in 
50 that although the catalyst is required to be durability at high temperature, the durability at high temperature is 
difficult to be evaluated only by a normal temperature treatment, so whether a composite of cerium oxide and 
zirconium oxide at high temperature state is effective or not is carried out for evaluation. As such condition, the 
catalyst is calcined in air at 900°C for 10 hours. 

55 Determination of oxygen consumption 

The samples obtained in Examples A, B, and C w re tested for oxygen consumtion by charging an ordinary 
flow type pulse reaction device with each sample, passing helium gas through the sample, reducing the sample 
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with hydrogen at 500°C for 30 minutes, passing helium gas again through the sample for 15 minutes, cooling 
the sample in the same atmosphere to 400°C, passing a prescribed amount of oxygen pulses through the 
sample, measuring the amount of oxygen consumed during the passage through the sample, and calculating 
the amount of oxygen consumed per gram of the cerium oxide. The results are shown in Table 4. 

5 The catalysts used for the determination of oxygen consumption were those obtained in Examples 1-1, 1-8, 

1-9, and Control 2. These catalysts were compared in catalytic performance. The results are shown in Tables 
2 and 3. It is clearly noted from the data of these tables that the catalysts using cerium oxides of high durability 
as contemplated by this invention exhibited outstanding exhaust gas purifying ability. 

It is further noted from Table 4 that the cerium oxides were stabilized by a zirconium oxide in an atmosphere 

10 of oxygen at 900°C. 

Preparation of catalyst 

The catalyst obtained in Example 1-1 was finished as Complete Catalyst (I). Then, Complete Catalyst (II) 
15 was obtained by wet pulverizing in a ball mill a powder having 200 g of the same activated alumina as used in 
Example 1-1 impregnated with a solution resulting from mixture of an aqueous platinum dinitrodiamine solution 
containing 1 .67 g of platinum with an aqueous rhodium nitriate solution containing 0.33 g of rhodium and 100 
g of the same cerium oxide as used in Example 1-1 and subjecting the product of pulverization to the procedure 
described above. 

20 

Example 2-7 

Three combinations of Complete Catalyst (I) and Complete Catalyst (II) obtained as described in "Prepa- 
ration of Catalyst" above, i.e. the combination (I) of the former-stage catalyst (I) and the latter-stage catalyst 
25 (II) and the combination (2) of the former-stage catalyst (II) and the latter-stage catalyst (I) both conforming to 
this invention and the combination (3) of the former-stage catalyst (II) and the latter-stage catalyst (II) intended 
as a control, were tested for CO, HC, and NO purifying ratios by following the methods used in Example 2-6. 
The results are shown in Table 5. 

30 
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Table 1 



10 




Nonle metal* 


Alkaline earth 
metal oxide* 


Ce0 2 /Zr0 2 
** 


Total Ce0 2 
and Zr0 2 


Example 1-1 


Pd : 2.0 


BaO : 5.0 


10/1 


50 




Examnle 1-2 


Pd : 2.0 


BaO • 15 0 


10/1 


50 




Example 1-3 


Pd : 2.0 


BaO : 0.25 


10/1 


50 


15 


Example 1-4 


Pd : 2.0 


CaO ; 5.0 


10/1 


50 




Example 1-5 


Pd : 2.0 


SrO : 5.0 


10/1 


50 




Example 1-6 


Pd : 2.0 


BaO : 5.0 


10/1 


15 


20 


Examnle 1-7 


Pd : 2.0 


BaO • 5 0 


10/1 


80 


EvAmnlf* 1 -ft 


Pd : 2.0 


BaO • 5 0 


10/3 






"P. mnlp 1 _Q 
xj Ani i j ljic x */ 


Pd - 2 0 


BaO * 5 0 


25/1 


50 




Examnle 1-10 


Pd : 2.0 


MeO • 5 0 


10/1 


50 


25 


V^TTlTll P 1-1 1 
XJ A.OLL 11 LI 1C -1- X X. 


Pd • 1 0 




10/1 

XI// X 






Example 1-12 


Pd : 4.0 


BaO : 5.0 


10/1 


50 




Example 1-13 


Pd : 8.0 


BaO : 5.0 


10/1 


50 


30 


Example 1-14 


Pd:20.0 


BaO: 5.0 


10/1 


50 




Example 2-1 


Pd : 2.0 


BaO : 40.0 


10/1 


50 




Example 2-2 


Pd : 2.0 


BaO : 5.0 


10/1 


100 




Example 2-3 


Pd : 2.0 


BaO : 5.0 


10/1 


130 


35 


Control 1-1 


Pd ; 2.0 




10/1 


50 




Control 1-2 


Pd : 2.0 


BaO : 5.0 


1/- 


50 




Control 1-3 


Pd : 2.0 




1/- 


50 


40 


Control 1-4 


Pt: 1.12 
RhrO.ll 




V- 


50 




Control 1-5 


Pt: 1.12 
RhrO.ll 


BaO : 5.0 


1/- 


50 


45 


Control 1-6 


Pt: 1.12 
Rh: 0.11 


BaO ; 5.0 


10/1 


50 




Control 1-7 


Pd : 2.0 


BaO : 5.0 


-11 


50 



* Amount, g, carried per liter of catalyst 
** Weight ratio of oxides 

50 



55 
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Table 2 



5 




Purifying ratio at 
crossover point (%) 


Purifying ratio at 
A/Fofl4.2(%) 






CO - NOx* 


HC 


CO 


HC 


NOx 


to 


Example 1-1 


88 


94 


36 


66 


92 




Example 1-2 


90 


95 


36 


70 


92 




Example 1-3 


84 


91 


34 


64 


84 


15 


Example 1-4 


87 


94 


36 


65 


92 




Example 1-5 


88 


94 


36 


66 


92 




Example 1-6 


78 


88 


34 


60 


86 


20 


Example 1-7 


90 


94 


36 


68 

VJ KJ 


92 




Example 1-8 


90 


94 


36 


69 


92 




Example 1-9 


82 


88 


34 


62 


85 


25 


Example 1-10 


78 

1 kj 


88 


34 


62 


81 

KJ J- 




Example 1-11 


oo 


C' J. 


OK 


62 


86 




Example 1-12 


91 


96 


36 

KS W 


68 


92 


30 


Example 1-13 


95 


96 


37 

KJ * 


75 

# KJ 


96 




Example 1-14 


98 


97 


40 


88 


99 




Example 2-1 


90 


95 


36 


70 


92 


35 


Example 2-2 


92 


94 


36 


71 


92 




Example 2-3 


93 


95 


36 


72 


92 




Control 1-1 


73 


85 


32 


58 


51 


40 


Control 1-2 


65 


82 


30 


52 


55 


Control 1-3 


60 


78 


25 


45 


40 




Control 1-4 


82 


86 


35 


53 


85 


45 


Control 1-5 


77 


87 


34 


62 


82 


Control 1-6 


84 


87 


35 


54 


82 




Control 1-7 


55 


70 


21 


39 


35 



* Magnitude of purifying ratio at intersection between 
CO-NOx and CO purifying ratio curves and NOx 
purifying ratio 



55 
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Table 3 



5 




Light off temperature (°C) 






CO 


HC 


NO 


10 


Example 1-1 


363 


368 


357 




Example 1-2 


360 


365 


354 




Example 1-3 


373 


378 


369 


15 


Example 1-4 


362 


367 


356 




Example 1-5 


364 


367 


357 




Example 1-6 


388 


3Q3 




20 


Example 1-7 




3fwl 


3^3 




Example 1-8 


3fin 

GOV 








Example 1-9 


O f 4 


O i 4 


ODO 


25 


Example 1-10 










Example 1-11 


3ft7 


oc/Z 


oo X 




Example 1-12 


OftO 




007 


30 


Example 1-13 


QOC 

oZO 




ol / 




Example 1-14 






9ft9 




Example 2-1 


360 


3fi*S 


3S4 

Out: 


35 


Example 2-2 


358 


363 


352 




Example 2-3 


355 


361 


350 




Control 1-1 


421 


424 


446 


40 


Control 1-2 


418 


421 


443 




Control 1-3 


423 


427 


446 




Control 1-4 


374 


379 


368 


45 


Control 1-5 


385 


390 


379 




Control 1-6 


401 


407 


395 




Control 1-7 


425 


429 


448 



50 
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Tab 


6 4 




Ce02 crystal 
system (A) 


Amount of oxygen consumed 
(X10 5 molCyg Ce0 2 ) 


Sample No. a 


210 


6 


Sample No. b 


140 


19 


Sample No. c 


135 


20 


Sample No. d 


138 


19 


Sample No. e 


137 


19 


Sample No. f 


499 


1 



Table 5 



25 




Purifying ratio at 


Purifying ratio at 


Light off 




Catalyst 


crossover point 


A/Fofl4.2 (%) 


temperature (°C) 




combination 


CO-NOx 




CO 






CO 




NO 




HC 


HC 


NOx 


HC 


30 




(%) 


(%) 














35 


(1) 


92 


94 


36 


70 


92 


335 


334 


352 


(2) 


92 


93 


35 


65 


92 


336 


346 


353 


(3) 


85 


88 


35 


53 


85 


375 


380 


368 



40 



Example 3-1 

A powder of the amount 100 g was obtained by mixing a commercially available cerium oxide (Ce0 2 , speci- 
45 fic surface area: 149 m 2 /g) with an aqueous zirconyi oxynitrate solution in a Ce0 2 /Zr0 2 ratio of 10/1 (the total 
amount of Ce0 2 and Zr0 2 : 100 g), drying the resultant mixture, and calcining the dry mixture at 500°C for 1 
hour. A powder of the amount 200 g was obtained by immersing 180 g of activated alumina (Y-AI 2 O a , average 
particle diameter 45 urn, specific surface area: 155 m 2 /g) in an aqueous lanthanum acetate solution containing 
20 g of lanthanum oxide, drying the wet solid, and calcining the dry solid. A water-soluble slurry was prepared 
so by wet pulverizing the powders mentioned above, 16.7 g of barium acetate, and an aqueous palladium nitrate 
solution containing 4 g of palladium in a ball mill. A monolithic carrier of cord ierite (33 mm in outside diameter 
x 76 mm in length) possessing 400 cells per square inch of cross-sectional area was immersed in the slurry, 
taken out of the slurry, blown with compressed air to expel the excess slurry remaining within the cells, dried, 
and calcined, to obtain a complete catalyst. 

55 

Example 3-2 

A powder of the amount 120 g was obtained by mixing the same cerium oxide as used in Example 3-1 with 
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an aqueous zirconyl oxynitrate solution in a Ce0 2 /Zr0 2 ratio of 10/1 (the total weight of Ce0 2 and 2r0 2 : 100 
g), combining the resultant mixture with an aqueous lanthanum nitrate solution containing 20 g of lanthanum 
oxide, drying the produced blend, and calcining the dry blend at 500°C for 1 hour. A water-soluble slurry was 
prepared by wet pulverizing in a ball mill the powder mentioned above, 180 g of activated alumina, and an 
5 aqueous palladium nitrate solution containing 4 g of palladium. A monolithic carrier of cordierite (33 mm in in- 
sideoutside diameter x 76 mm in length) possessing 400 cells per square inch of cross-sectional area, taken 
out of the slurry, brown with compressed air to expel the excess slurry remaining within the cells, dried, and 
calcined, to obtain a complete catalyst. 

10 Example 3-3 

A powder of the amount 300 g was obtained by mixing 100 g of the powder of Ce0 2 /Zr.0 2 with 180 g of 
activated alumina, combining the resultant powder with an aqueous lanthanum acetate solution containing 20 
g of lanthanum oxide, drying the resultant solution, and calcining the dry solid at 500°C for 1 hour. In the place 
15 of the slurry of Example 3-1, a water-soluble slurry was obtained by wet pulverizing in a ball mill the powder 
mentioned above, 16.7 g of barium acetate, and an aqueous palladium nitrate solution containing 4 g of pal- 
ladium. A monolithic carrier of cordierite (33 mm in outside diameter x 76 mm in length) possessing 400 cells 
per square inch of cross-sectional area, taken out of the slurry, blown with compressed air to expel the excess 
slurry remaining inside the cells, dried, and calcined to obtain a complete catalyst. 

20 

Example 3-4 

A slurry was obtained by wet pulverizing in a ball mill 100 g of the same Ce0 2 Zr0 2 powder as obtained in 
Example 3-1 , 1 80 g of activated alumina, an aqueous lanthanum acetate solution containing 20 g of lanthanum 
25 oxide, 16.7 g of barium acetate, and an aqueous palladium nitrate solution containing 4 g of palladium. Then, 
a monolithic carrier of cordierite (33 mm in outside diameter x 76 mm in length) possessing 400 cells per square 
inch of cross-sectional area was immersed in the slurry, taken out of the slurry, blown with compressed air to 
expel the excess slurry from within the cells, dried, and calcined to obtain a complete catalyst. 

30 Example 3-5 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that the amount of 
lanthanum oxide was changed from 20 g to 1 g. 

35 Example 3-6 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that the amount of 
lanthanum oxide was changed from 20 g to 90 g. 

40 Example 3-7 

A complete catalyst was obtained by following the procedure of Example 3-1, except that the amount of 
barium acetate was changed from 16.7 g to 133.6 g. 

45 Example 3-8 

A complete catalyst was obtained by following the procedure of Example 3-1, except that the amount of 
barium acetate was changed from 16.7 g of 0.83 g. 

so Example 3-9 

A complete catalyst was obtained by following the procedure of Example 3-1, except that 28.2 g of calcium 
acetate was used in the place of barium acetate. 

55 Example 3-10 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that 1 9.8 g of strontium 
acetate was used in the place of barium acetate. 

16 
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Example 3-11 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that the Ce0 2 /ZrO 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 30g). 

5 

Example 3-12 

A complete catalyst was obtained by following the procedure of Example 3-1, except that the Ce0 2 /Cr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and 2r0 2 : 160 g). 

10 

Example 3-13 

A complete catalyst was obtained by following the procedure of Example 3-1, except that the Ce0 2 /Cr0 2 
ratio was changed to 10/3 (the total weight of Ce0 2 and 2r0 2 : 100 g). 

15 

Example 3-14 

A complete catalyst was obtained by following the procedure of Example 3-1, except that the Ce0 2 /Zr0 2 
ratio was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

20 

Example 3-1 5 

A complete catalyst was obtained by following the procedure of Example 3-1, except that 35.3 g of mag- 
nesium acetate was used in the place of barium acetate. 

25 

Example 3-16 

A complete catalyst was obtained by following the procedure of Example 3-1, except that an aqueous pal- 
ladium nitrate solution containing 2 g of palladium was used in the place of the aqueous palladium nitrate sol- 
30 ution containing 4 g of palladium. 

Example 3-17 

A complete catalyst was obtained by following the procedure of Example 3-1, except that an aqueous pal- 
35 ladium nitrate solution containing 8 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 8 g of palladium. 

Example 3-18 

40 A complete catalyst was obtained by following the procedure of Example 3-1 , except that an aqueous pal- 

ladium nitrate solution containing 16 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 3-19 

45 

A complete catalyst was obtained by following the procedure of Example 3-1, except that an aqueous pal- 
ladium nitrate solution containing 40 g of palladium was used in the place of the aqueous palladiun nitrate sol- 
ution containing 4 g of palladium. 

so Example 3-20 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that a ratio of 
Ce0 2 /Zr0 2 was changed to 10/1 (total of Ce0 2 and Zr0 2 was 260g) 

55 Control 3-1 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that the use of barium 
acetate was omitted. 

17 
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Control 3-2 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that the use of zirconyl 
oxynitrate was omitted. 

5 

Control 3-3 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that the use of zirconyl 
oxynitrate and barium acetate was omitted. 

10 

Control 3-4 

A complete catalyst was obtained by following the procedure of Example 3-1 , except that the use of lanth- 
anum oxide was omitted. 

15 

Control 3-5 

A complete catalyst was obtained by mixing an aqueous platinum dinitrodiamine solution containing 2.25 
g of platinum with an aqueous rhodium nitrate solution containing 0.22 g of rhodium, impregnating 200 g of the 
20 same activated aluminum as used in Example 3-1 with the resultant mixed solution thereby obtaining a powder, 
wet pulverizing the powder with 100 g of the same cerium oxide as used in Example 3-1 in a ball mill, and there- 
after subjecting the product of pulverization to the procedure of Example 3-1. 

Control 3-6 

A complete catalyst was obtained by mixing an aqueous palladium nitrate solution containing 2.25 g of pal- 
ladium with an aqueous rhodium nitrate solution containing 0.22 g of rhodium, impregnating 200 g of the same 
activated alumina as used in Example 3-1 with the resultant mixed solution, drying the product of impregnation, 
and calcining the dried solid thereby forming a powder, wet pulverizing the powder with 1 00 g of the same cerium 
oxide as used in Example 3-1 in a ball mill, and thereafter subjecting the product of pulverization to the pro- 
cedure of Example 3-1 . 

Control 3-7 

A complete catalyst was obtained by wet pulverizing in a ball mill a solution resulting from mixture of an 
aqueous platinum dinitrodiamine solution containing 2.25 g of platinum with an aqueous rhodium nitrate solution 
containing 0.22 g of rhodium, a powder having 200 g of the same activated alumina as used in Example 3-1 
impregnated with 16.7 g of barium acetate, and 100 g of a powder prepared by mixing the same cerium oxide 
as used in Example 3-1 with an aqueous zirconyl oxynitrate solution in a Ce0 2 /2r0 2 ratio of 10/1 (the total weight 
of CeO.2 and Cr0 2 : 1 00 g), drying the resultant mixture, and calcining the dried mixture at 500°C for one hour 
and thereafter treating the product of wet pulverization in the same manner as in Example 3-1 . 

Supporting amount of each catalytic components of the catalyst thus obtained in Examples and Controls 
per liter of the catalyst are shown in Tabele 6 and Table 7. 

45 Example 3-21 

Then, the catalysts of Examples 3-1 to 3-20 and the catalysts of Controls 3-1 to 3-7 were tested for catalytic 
activity after an engine durability test in the same manner as in Example 1-15, except that a temperature of an 
inlet gas during steady operation was changed to 900°C. The results are shown in Table 8 and Table 9. 
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Example 4-1 

(b) Cerium oxide having zirconium and lanthanum deposited thereon 

so A powder (b) was obtained by mixing 50 g of commercially available cerium oxide (Ce0 2l specific surface 

area: 149 m 2 /g) with an aqueous solution of zirconyl oxynitrate and lanthanum nitrate (containing 5 g of zir- 
conium oxide and 10 g of lanthanum oxide), drying the resultant mixture, and calcining the dry mixture at 500 
°C for one hour. 

55 (c) Refractory inorganic oxide having cerium and zirconium deposited thereon 

A powder (c) was obtained by mixing 60 g of activated aluminum (y-A\ 2 0 z , average particle diameter 45 
u.m, and specific surface area 155 m 2 /g) with an aqueous solution of cerium nitriate and zirconyl oxynitrate (con- 

22 



BNSDOCID: <EP 050?590AlJ_> 



EP 0 507 590 A1 

taining 50 g of cerium oxide and 5 g of zirconium oxide), drying the resultant mixture, and calcining the dried 
mixture at 500°C for 1 hour. 

A water-soluble slurry was prepared by wet pulverizing in a ball mill the powders (b) and (c) and barium 
acetate (20 g as barium oxide) and an aqueous palladium nitrate solution containing 3 g of palladium. A mono- 
5 lithic carrier of cordierite (33 mm in outside diameter x 76 mm in length) possessing 400 cells per square inch 
of cross-sectional area was immersed in the slurry, taken out of the slurry, blown with compressed air to expel 
the excess slurry remaining inside the cells, dried, and calcined to obtain a complete catalyst. 

Examples 4-2 to 4-8 

10 

Complete catalysts were obtained by following the procedure of Example 4-1, except that the amounts of 
cerium oxide, zirconium oxide, and lanthanum oxide in the powder (b) and the amounts of cerium oxide and 
zirconium oxide in the powder (c) were varied. The catalysts consequently obtained in the examples were 
examined to determine the amounts of catalyst components carried per liter of catalyst. The results are shown 
15 in Table 10. 

Examples 4-9 and 4-10 

Complete catalysts were obtained by following the procedure of Example 4-1, except that the amount of 
20 barium acetate (20 g as barium oxide) was changed to the amounts (0.5 g and 40 g as barium oxide) respect- 
ively. 

Examples 4-1 1 and 4-12 

25 Complete catalysts were obtained by following the procedure of Example 4-1, except that calcium acetate 

and strontium acetate (each 20 g as oxide) were used in the place of barium acetate (20 g as barium oxide). 

Examples 4-13 amd 4-1 4 

30 Complete catalysts were obtained by following the procedure of Example 4-1 , except that the contents of 

cerium oxide and zirconium oxide in the powder (b) and the contents of cerium oxide and zirconium oxide in 
the power (c) were varied. 

Examples 4-15 and 4-16 

35 

Complete catalysts were obtained by following the procedure of Example 4-4, except that the amount of 
palladium, 3 g, in the aqueous palladium nitrate solution was changed to 10 g and 20 g respectively. 

Control 4-1 

40 

A complete catalyst was obtained by following the procedure of Example 4-4, except that the use of barium 
acetate was omitted. 

Control 4-2 

45 

A complete catalyst was obtained by following the procedure of Example 4-4, except that the use of lanth- 
anum nitrate was-omitted. 

Control 4-3 

60 

A complete catalyst was obtained by following the procedure of Example 4-4, except that the use of zirconyl 
oxynitrate was omitted. 

Control 4-4 

55 

A powder was obtained by mixing 1 00 g of the same cerium oxide as used in Example 4-1 with an aqueous 
solution of zirconyl oxynitrate and lanthanum nitrate (10 g as zirconium oxide and 10 g as lanthanum oxide), 
drying the resultant mixture, and calcining the dried mixture at 500°C for 1 hour. A complete catalyst was pro- 
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duced by combining this powder and 60 g of the same activated alumina as used in Example 4-1 , barium acetate 
(20 g as barium oxide), and palladium nitrate containing 3 g of palladium in the same manner as in Example 
4-1. 

5 Control 4-5 

A powder was obtained by mixing 60 g of the same activated alumina as used in Example 4-1 with zirconyl 
oxynitrate and lanthanum nitrate (containing 100 g of cerium oxide, 10 g of zirconium oxide, and 10 g of lanth- 
anum oxide), drying the resultant mixture, and calcining the dried mixture at 500°C for 1 hour. A complete catal- 
w yst was produced by combining this powder with barium acetate (20 g as barium oxide) and palladium nitrate 
containing 3 g of palladium in the same manner as in Example 4-1. 

Control 4-6 

15 A powder was obtained by mixing an aqueous platinum dinitrodiamine solution containing 2.25 g of platinum 

with an aqueous rhodium nitrate solution containing 0.22 g of rhodium and immersing 200 g of the same acti- 
vated alumina as used in Example 4-1 in the resultant mixed solution. A complete catalyst was produced by 
wet pulverizing in a ball mill the powder and 100 g of the same cerium oxide as used in Example 4-1 and treating 
the product of the wet pulverization in the same manner as in Example 4-1. 

20 

Control 4-7 

A powder was obtained by mixing an aqueous palladium nitrate solution containing 2.25 g of palladium with 
an aqueous rhodium nitrate solution containing 0.22 g of rhodium, impregnating 200 g of the same activated 
25 alumina as used in Example 4-1 with the resultant mixed solution, drying the product of impregnation, and cal- 
cining the dried solid. A complete catalyst was produced by wet pulverizing in a ball mill the powder with 100 
g of the same cerium oxide as used in Example 4-1 , and treating the product of pulverization in the same manner 
as in Example 4-1. 

Supporting amount of each catalytic components of the catalyst thus obtained in Examples and Controls 
30 per liter of the catalyst are shown in Table 10. 

Example 4-17 

The catalysts obtained in Examples 4-1 to 4-16 and Controls 4-1 to 4-7 were tested for catalytic activity 
35 after an engine durability test in the same manner as in Example 3-21. The results are shown in Table 11. 
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1 o 


92 


94 


5*7 


346 


363 


369 


Htxampie 4-10 


Xo 


94 


96 


on 


342 


359 


365 




xjxainpie ^t-x*t 


Xft 


83 


91 


7ft 
i o 


359 


373 


378 


35 






96 


98 




324 


328 


319 


Example 4-16 


16 


100 


100 


95 


288 


290 


300 




Control 4-1 


1 


78 


85 


31 


389 


403 


410 




Control 4-2 


2 


79 


86 


74 


395 


401 


408 


40 


Control 4-3 


3 


75 


83 


70 


400 


409 


408 




Control 4-4 


4 


90 


94 


74 


358 


373 


381 




Control 4-5 


5 


81 


88 


71 


396 


399 


401 


45 


Control 4-6 


6 


73 


83 


65 


401 


410 


398 




Control 4-7 


7 


68 


80 


50 


411 


420 


403 



Magnitude of purifying ratio at intersection between CO-NOx and CO 



purifying ratio Curves and NOx purifying ratio 



55 Example 5-1 

A powder (Ce0 2 Zr0 2 ) of the amount 100 g was obtained by mixing commercially available cerium oxide 
(Ce0 2 , specific surface area 149 nVg) with an aqueous zirconyl oxynitrate solution in a Ce0 2 /Zr0 2 ratio of 1 0/1 
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(the total weight of Ce0 2 and Zr0 2 : 100 g), drying the resultant mixture, and calcining the dried mixture at 500 
C for one hour. 

Then, a powder of the amount 100 g was obtained by immersing 196 g of activated alumina (y-AI 2 0 3 , aver- 
age particle diameter 45 (am, and specific surface area 155 m 2 /g) in a commercially available aqueous silica 

5 sol solution containing 4 g of silica, drying the impregnated activated alumina, and calcining the resultant dried 
solid. A watersoluble slurry was prepared by wet pulverizing in a ball mill the powder, 16.7 g of barium acetate, 
and an aqueous palladium nitrate solution containing 4 g of palladium. A monolithic carrier of cordierite (33 mm 
in outside diameter x 76 mm in length) possessing 400 cells per square inch of cross-sectional area was im- 
mersed in the slurry, removed from the slurry, blown with compressed air to expel the excessive slurry from 

10 within the cells, dried, and calcined to produce a complete catalyst. 

Example 5-2 

A powder of the amount 104 g was obtained by immersing 1 00 g of the same Ce0 2 Zr0 2 powder as obtained 
15 in Example 5-1 in a commercially available aqueous silica sol solution containing 4 g of silica, drying the re- 
sultant wet mixture, and calcining the dried mixture, A water-soluble slurry was prepared by combining the pow- 
der with 196 g of the same activated alumina as used in Example 5-1 , 16.7 g of barium acetate, and an aqueous 
palladium nitrate solution containing 4 g of palladium in a ball mill. This slurry was treated in the same manner 
as in Example 5-1, to produce a complete catalyst. 

20 

Example 5-3 

A complete catalyst was obtained by following the procedure of Example 5-1, except that the amount of 
silica was changed from 4 g to 60 g and the amount of activated alumina from 196 g to 1 16 g. 

25 

Example 5-4 

A complete catalyst was obtained by following the procedure of Example 5-1, except that the amount of 
silica was changed from 4 g to 0.4 g and the amount of activated alumina from 196 g to 199.6 g. 

30 

Example 5-5 

A complete catalyst was obtained by following the procedure of Example 5-1, except that the amount of 
barium acetate was changed from 16.7 g to 133.6 g. 

35 

Example 5-6 

A complete catalyst was obtained by following the procedure of Example 5-1, except that the amount of 
barium acetate was changed from 16.7 g to 0.83 g. 

40 

Example 5-7 

A complete catalyst was obtained by following the procedure of Example 5-1, except that 28.2 g of calcium 
acetate was used in the place of barium acetate. 

45 

Example 5-8 

A complete catalyst was obtained by following the procedure of Example 5-1, except that 1 9.8 g of strontium 
acetate was used in the place of barium acetate. 

so 

Example 5-9 

A complete catalyst was obtained by following the procedure of Example 5-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 ; 30 g). 

55 

Example 5-10 

A complete catalyst was obtained by following the procedure of Example 5-1, except that the Ce0 2 /Zr0 2 
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ratio was changed to 10/1 (the total weight of Ce0 2 and 2r0 2 : 160 g). 
Example 5-1 1 

5 A complete catalyst was obtained by following the procedure of Example 5-1 , except that the Ce0 2 /Zr0 2 

ratio was changed to 10/3 (the total weight of Ce0 2 and Cr0 2 : 100 g). 

Example 5-1 2 

10 A complete catalyst was obtained by following the procedure of Example 5-1 , except that the Ce0 2 /Zr0 2 

ratio was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

Example 5-13 

15 A complete catalyst was obtained by following the procedure of Example 5-1, except that 35.3 g of mag- 

nesium acetate was used in the place of barium acetate. 

Example 5-14 

20 A complete catalyst was obtained by following the procedure of Example 5-1, except that an aqueous pal- 

ladium nitrate solution containing 2 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 5-15 

25 

A complete catalyst was obtained by following the procedure of Example 5-1, except that an aqueous pal- 
ladium nitrate solution containing 16 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

30 Example 5-16 

A complete catalyst was obtained by following the procedure of Example 5-1, except that an aqueous pal- 
ladium nitrate solution containing 40 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

35 

Example 5-17 

A complete catalyst was obtained by following the procedure of Example 5-1, except that a ratio of 
Ce0 2 /Zr0 2 was changed to 10/1 (total of Ce0 2 and Zr0 2 was 260 g) 

40 

Control 5-1 

A complete catalyst was obtained by following the procedure of Example 5-1 , except that the use of silica 
was omitted. 

45 

Control 5-2 

A complete catalyst was obtained by following the procedure of Example 5-1 , except that the use of barium 
acetate was omitted. 

50 

Control 5-3 

A complete catalyst was obtained by following the procedure of Example 5-1 , exceptthat the use of zirconyl 
oxynitrate was omitted. 

55 

Control 5-4 

A complete catalyst was obltained by following the procedure of Example 5-1 , except that the use of zirconyl 
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oxynitrate, barium acetate, and silica was omitted. 
Control 5-5 

5 An aqueous platinum dinitrodiamine solution containing 2.25 g of platinum was mixed with an aqueous 

rhodium nitrate solution containing 0.22 g of rhodium. A powder was obtained by impregnating 200 g of the 
same activated alumina as used in Example 5-1 with the resultant mixed solution. A complete catalyst was 
obtained by wet pulverizing the powder with 100 g of the same cerium oxide as used in Example 5-1 in a ball 
mill and then treating the product of pulverization in the same manner as in Example 5-1. 

10 

Control 5-6 

A powder was obtained by mixing an aqueous palladium nitrate solution containing 2.25 g of palladium with 
an aqueous rhodium nitrate solution containing 0.22 g of rhodium, immerging 200 g of the same activated alumi- 
15 na as used in Example 5-1 with the resultant mixed solution, drying the product of impregnation, and calcining 
the dried solid. A complete catalyst was produced by wet pulverizing the powder and 100 g of the same cerium 
oxide as used in Example 5-1 in a ball mill and treating the product of pulverization in the same manner as in 
Example 5-1 . 

Supporting amount of each catalytic components of the catalyst thus obtained in Examples and Controls 
20 per liter of the Catalyst are shown in Table 12. 

Example 5-18 

Then, the catalysts of Examples 5-1 to 5-17 and the catalysts of Control 5-1 to 5-6 were tested for catalytic 
25 activity after an engine durability test in the same manner as in Example 3-21 . The results are shown in Table 
13. 



30 



35 



40 



45 



50 
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Table 12 



10 




Noble metal* 


Alkaline earth 
metal oxide* 


Silica 


Ce0 2 /Zr0 2 
** 


Total Ce0 2 
and ZrO 
* 




Example 5-1 


Pd : 2.0 


BaO : 5.0 


2.0 


10/1 


50 




Example 5-2 


Pd : 2.0 


BaO : 5.0 


2.0 


10/1 


50 


lO 


Example 5-3 


Pd : 2.0 


BaO : 5.0 


30.0 


10/1 


50 




Example 5-4 


Pd:2.0 


BaO : 5.0 


0.2 


10/1 


50 




Example 5-5 


Pd : 2.0 


BaO: 40.0 


2.0 


10/1 


50 


20 


Example 5-6 


Pd : 2.0 


BaO • 0 25 


2.0 


10/1 


50 




Example 5-7 


Pd : 2.0 


CaO • 5 0 


2.0 


10/1 






Example 5-8 


Pd : 2.0 


SrO : 5.0 


2.0 


10/1 


50 


25 


Example 5-9 


Pd : 2.0 


BaO : 5.0 


2.0 


10/1 


15 




Example 5-10 


Pd : 2.0 


BaO : 5.0 


2.0 


10/1 


80 




Example 5-11 


Pd : 2.0 


BaO : 5.0 


2.0 


10/3 


50 


30 


iiixampie o-l^ 


Jrd ; 2.0 


BaO : 5.0 


2.0 


25/1 


50 




Example 5-13 


Pd ; 2.0 


MgO : 5.0 


2.0 


10/1 


50 




Example 5-14 


Pd : 1.0 


BaO : 5.0 


2.0 


10/1 


50 


35 


Example 5-15 


Pd : 8.0 


BaO : 5.0 


2,0 


10/1 


50 


Example 5-16 


Pd : 20.0 


BaO :5.0 


2.0 


10/1 


50 




Example 5-17 


Pd : 2.0 


BaO : 5.0 


2.0 


10/1 


130 


40 


Control 5-1 


Pd : 2.0 


BaO : 5.0 




10/1 


50 


Control 5-2 


Pd:2.0 




2.0 


1 


50 




Control 5-3 


Pd:2.0 


BaO : 5.0 


2.0 


10/- 


50 


45 


Control 5-4 


Pd:2.0 






10/- 


50 
















Control 5-5 


Pt: 1.125 






10/- 


50 






Rh : 0.11 










50 


Control 5-6 


Pd: 1.125 






10/- 


50 






Rh : 0.11 











* Amount, g, carried per liter of catalyst 
** weight ratio of oxides 
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Table 13 



O 




Purifying ratio at 
crossover point (%) 


Purifying 
ratio at A/F of 


Light off 
temperature (°C) 


10 




CO - NOx* 


HC 


13.8(%) 


CO 


HC 


NO 


Example 5-1 


85 


92 


80 


356 


370 


377 




Example 5-2 


85 


92 


80 


365 


369 


376 




Example 5-3 


86 


93 


82 


364 


368 


375 


15 


Example 5-4 


84 


92 


79 


370 


374 


381 




Example 5-5 


88 


93 


81 


358 


362 


368 




Example 5-6 . 


85 


91 


75 


375 


379 


388 


20 


Example 5-7 


85 


92 


80 


366 


370 


377 




Example 5-8 


84 


92 


80 


367 


371 


378 




Example 5-9 


82 


89 


80 


386 


390 


367 


25 


Example 5-10 


88 


93 


81 


355 


359 


365 




Example 5-11 


85 


92 


80 


366 


370 


377 




Example 5-12 


85 


92 


80 


367 


371 


378 


30 


Example 5-13 


80 


90 


75 


385 


389 


396 




Example 5-14 


77 


86 


72 


398 


402 


409 




Example 5-15 


95 


96 


90 


332 


336 


327 


35 


Example 5-16 


100 


100 


95 


290 


292 


302 


Example 5-17 


89 


94 


82 


350 


354 


360 




Control 5-1 


78 


88 


67 


396 


400 


407 




Control 5-2 


51 


73 


25 


411 


419 


402 


40 


Control 5-3 


70 


81 


67 


405 


413 


396 




Control 5-4 


51 


73 


25 


412 


419 


402 




Control 5-5 


73 


83 


65 


401 


410 


398 


45 


Control 5-6 


68 


80 


50 


411 


420 


403 



* Magnitude of purging ratio at in tersection between CO-NO ; CO 



purging ratio curve and NO purging ratio curve 

50 



Exampl 6-1 

A powder of the amount 100 g was obtained by mixing a commercially available cerium oxide (Ce0 2 , speci- 
fic surface area 149 m 2 /g) with an aqueous zirconyl oxynitrate solution at a Ce0 2 /Zr0 2 ratio of 10/1 (the total 
weight of Ce0 2 and 2r0 2 : 100 g), drying the resultant mixture, and calcining the dried mixture at 500°C for 1 
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hour. A water-soluble slurry was prepared by wet pulverizing in a ball mill the powder, 100 g of titanium oxide 
(specific surface area 50 m 2 /g), 100 g of activated alumina (y-AI203, average particle diameter 45 jim, specific 
surface area 155 m 2 /g), 16.7 g of barium acetate, and an aqueous palladium nitrate solution containing 4 g of 
palladium. A monolithic carrier of cordierite (33 mm in outside diameter x 76 mm in length) possessing 400 cells 
5 per square inch of cross-sectional area was immersed in the slurry, taken out of the slurry, blown with com- 
pressed air to expel the excess slurry remaining within the cells, dried, and calcined to obtain a complete catal- 
yst. 

Example 6-2 

10 

A complete catalyst was obtained by following the procedure of Example 6-1, except that the amount of 
titanium oxide was changed to 20 g and the amount of the activated alumina was changed to 180 g. 

Example 6-3 

15 

A complete catalyst was obtained by following the procedure of Example 6-1, except that the amount of 
titanium oxide was changed to 180 g and the amount of the activated alumina was changed to 20 g. 

Example 6-4 

20 

A complete catalyst was obtained by following the procedure of Example 6-1, except that the specific sur- 
face area of titanium oxide was changed to 10 m 2 /g. 

Example 6-5 

25 

A complete catalyst was obtained by following the procedure of Example 6-1, except that the amount of 
barium acetate was changed from 16.7 g to 133.6 g. 

Example 6-6 

30 

A complete catalyst was obtained by following the procedure of Example 6-1 , except that the amount of 
barium acetate was changed from 16.7 g to 0.83 g. 

Example 6-7 

35 

A complete catalyst was obtained by following the procedure of Example 6-1, except that 28.2 g of calcium 
acetate was used in the place of barium acetate. 

Example 6-8 

40 

A complete catalyst was obtained by following the procedure of Example 6-1 , except that 19.8 g of strontium 
acetate was used in the place of barium acetate. 

Example 6-9: 

45 

A complete catalyst was obtained by following the procedure of Example 6-1 f except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and 2r0 2 : 15 g). 

Example 6-10 

50 

A complete catalyst was obtained by following the procedure of Example 6-1, except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 160 g). 

Example 6-11 

55 

A complete catalyst was obtained by following the procedure of Example 6-1, except that the Ce0 2 /Zr0 2 
ratio was changed to 10/3 (the total weight of Ce0 2 and Zr0 2 : 100 g). 
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Example 6-12 

A complete catalyst was obtained by following the procedure of Example 6-1, except that the Ce0 2 /Zr0 2 
ratio was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

5 

Example 6-13 

A complete catalyst was obtained by following the procedure of Example 6-1 , except that 35.3 g of mag- 
nesium acetate was used in the place of barium acetate. 

10 

Example 6-14 

A complete catalyst was obtained by following the procedure of Example 6-1 , except that an aqueous pal- 
ladium nitrate solution containing 2 g of palladium was used in the place of the aqueous palladium nitrate sol- 
15 ution containing 4 g of palladium. 

Example 6-15 

A complete catalyst was obtained by following the procedure of Example 6-1, except that an aqueous pal- 
20 ladium nitrate solution containing 1 6 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 6-16 

25 A complete catalyst was obtained by following the procedure of Example 6-1 , except that an aqueous pal- 

ladium nitrate solution containing 40 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 6-17 

30 

A complete catalyst was obtained by following the procedure of Example 6-1, except that a ratio of 
Ce0 2 /Zr0 2 was changed to 10/1 ( total of Ce0 2 and 2rO z was 260 g ). 

Control 6-1 

35 

A complete catalyst was obtained by following the procedure of Example 6-1 , except that the use of barium 
acetate was omitted. 

Control 6-2 

40 

A complete catalyst was obtained by following the procedure of Example 6-1 , except that the use of titanium 
oxide was omitted. 

Control 6-3 

45 

A complete catalyst was obtained by following the procedure of Example 6-1 , except that the use of zirconyl 
oxynitrate was omitted. 

Control 6-4 

50 

A powder was obtained by mixing an aqueous palladium nitrate solution containing 2.25 g of palladium with 
an aqueous rhodium nitrate solution containing 0.22 g of rhodium, immersing 200 g of the same activated alumi- 
na as used in Example 6-1 in the resultant mix d solution, drying the product of immersion, and calcining the 
dried solid. A complete catalyst was produced by wet pulverizing the powder and 100 g of the same cerium 
55 oxide as used in Example 6-1 in a ball mill and treating the product of pulverization in the same manner as in 
Example 6-1. 
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Control 6-5 



A powder was obtained by mixing an aqueous platinum dinitrodiamine solution containing 2.25 g of platinum 
with an aqueous rhodium nitrate solution containing 0.22 g of rhodium and impregnating 200 g of the same 
5 activated alumina as used in Example 6-1 with the resultant mixed solution. A complete catalyst was produced 
by wet pulverizing the powder and 100 g of the same cerium oxide as used in Example 6-1 in a ball mill and 
treating the product of pulverization in the same manner as in Example 6-1. 

Supporting amount of each catalytic components of the catalyst thus obtained in Examples and Controls 
per liter of the catalyst are shown in Table 14. 

10 

Example 6-18 

The catalysts of Examples 6-1 to 6-1 7 and the catalysts of Controls 6-1 to 6-5 were tested for catalytic activi- 
ty after an engine durability test in the same manner as in Example 3-21. The results are shown in Table 15. 

15 



20 



25 



30 



35 



40 



45 



50 



55 
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5 



Table 14 



10 






Alkaline earth 
metal oxide* 


Titanium 

oxide 
* 


Ce0 2 /ZrO (J 
"** 


Total Ce0 2 

n n ri 7,-rO 
* 




Example 6-1 


Pd : 2.0 


BaO :5.0 


50 


10/1 


50 


15 


Example 6-2 


Pd : 2.0 


BaO :5.0 


10 


10/1 


50 




Example 6-3 


Pd : 2.0 


BaO : 5.0 


90 


10/1 


50 




Example 6-4 


Pd : 2.0 


BaO : 5.0 


50 


10/1 


50 


20 


Example 6-5 


Pd : 2.0 


BaO ; 40.0 


50 


10/1 


50 




Example 6-6 


Pd : 2.0 


BaO : 0.25 


50 


10/1 


50 




Example 6-7 


Pd : 2.0 


CaO:5.0 


50 


10/1 


50 


25 


Example 6-8 


Pd : 2.0 


SrO : 5.0 


50 


10/1 


50 


Example 6-9 


Pd:2.0 


BaO: 5.0 


50 


10/1 


15 




Example 6-10 


Pd : 2.0 


BaO: 5.0 


50 


10/1 


80 


30 


Example 6-11 


Pd : 2.0 


BaO : 5.0 


50 


10/3 


50 


Example 6-12 


Pd : 2.0 


BaO : 5.0 


50 


25/1 


50 




Example 6-13 


Pd : 2.0 


MgO : 5.0 


50 


10/1 


50 




Example 6-14 


Pd : 1.0 


BaO : 5.0 


50 


10/1 


50 


35 


Example 6-15 


Pd : 8.0 


BaO : 5.0 


50 


10/1 


50 




Example 6-16 


Pd:20.0 


BaO : 5.0 


50 


10/1 


50 




Example 6-17 


Pd : 2.0 


BaO : 5.0 


50 


10/ 


130 


40 


Control 6-1 


Pd : 2.0 




50 


10/1 


50 




Control 6-2 


Pd : 2,0 






10/- 


50 




Control 6-3 


Pd : 2.0 


BaO : 5.0 


50 


10/- 


50 


45 


Control 6-4 


Pd : 1.125 






10/1 


50 






Rh:0.11 












Control 6-5 


Pd : 1.125 






10/- 


50 






Rh;0.11 











50 * Amount, g, carried per liter of catalyst 

** Weight ratio of oxides 
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Table 15 





Purifying ratio at 
crossover point 
(%) 


Purifying 
ratio at A/F of 

-LO '0\ IO} 


L 

temp( 


ight o 
»ratur 


[T 

e(°C) 


CO -NO* 


HC 


GO 


HC 


NO 


hiXample o-l 


88 


92 


f-f r* 

75 


356 


O ft 

360 


367 


iiixaitipie o-^ 


82 


90 




O *"7 Z'* 

376 


O A ft 

380 


O ft T 

387 


jtivXaiTipie o-o 




nn 

92 


/o 


ooo 


obU 


ob / 


n»xampie 


o o 

88 


92 


* b 


ore 
OOD 


OCA 


ob f 


iii x ample o-o 


87 


92 


HQ 


OCT 


O CI 

obi 


O C7 


jifXaiiipie o-o 


87 


92 


TO 




oo4 


o /U 


xLxample to- / 


87 


92 


*7 /I 

/4 


AC/! 

oob 


OCA 

360 


OCT 

367 


iiixarnple o-o 


88 


92 


75 


356 


359 


366 


Jcjxampie b-y 


84 


90 


73 


366 


370 


377 


itfxample b-lu 


88 


92 


74 


356 


361 


367 


xLrxample 6-11 


87 


92 


74 


A F* ft 

358 


362 


369 


hiXample 6-12 


86 


91 


74 


357 


361 


368 


Example 6-13 


87 


92 


70 


359 


363 


370 


xiiXample 6-14 


79 


87 


70 


399 


403 


410 


HiXample b-lo 


95 


96 


Q O 

88 


332 


336 


327 


Example 6-16 


100 


100 


92 


290 


291 


301 


Example 6-17 


89 


93 


75 


351 


356 


362 


Control 6-1 


82 


90 


24 


411 


419 


401 


Control 6-2 


78 


88 


67 


396 


400 


407 


Control 6-3 


80 


89 


67 


399 


401 


408 


Control 6-4 


73 


83 


65 


401 


410 


398 


Control 6-5 


68 


80 


50 


401 


410 


398 



* Magnitude of purging ratio at in tersection between CO-NO ; CO 



purging ratio curve and NO purging ratio curve 



Example 7-1 

A powder (Ce0 2 2r0 2 ) of the amount 1 00 g was obtained by mixing a commercially available cerium oxide 
<Ce0 2 , specific surface area 149 m^g) with an aqueous zirconyl oxynitrate solution at a Ce0 2 /Zr0 2 ratio of 1 0/1 
(the total weight of Ce0 2 and Zr0 2 : 100 g), drying the resultant mixture, and calcining the dried mixture at 500°C 
for 1 hour. An aqueous slurry was prepared by wet pulverizing in a ball mill this powder, 100 g of titanium oxide 
(specific surface area 50 rrf/g), 96 g of activated alumina (y-AI 2 0 3 , average particle diameter 45 urn, and specific 
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surface area 155 m 2 /g), an aqueous silica sot containing 4 g as silica, an aqueous palladium nitrate solution 
containing 4 g of palladium, and 16.7 g of barium acetate. A monolithic carrier of cordierite (33 mm in outside 
diameter and 76 mm in length) possessing 400 cells per square inch of cross-sectional area was immersed in 
the slurry, taken out of the slurry, blown with compressed air to expel the excess slurry retained within the cells, 
5 dried, and calcined to obtain a complete catalyst. 

Example 7-2 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that the amount of 
10 titanium oxide was changed to 20 g and the amount of the activated aluminum was changed to 176 g. 

Example 7-3 

A complete catalyst was obtained by following the procedure of Example 7-1, except that the amount of 
15 titanium oxide was changed to 180 g and the amount of the activated alumina was changed to 16 g. 

Example 7-4 

A complete catalyst was obtained by following the procedure of Example 7-1, except that titanium oxide 
20 (specific surface area: 10 m 2 /g) was used in the place of titanium oxide (specific surface area: 50 m 2 /g). 

Example 7-5 

A complete catalyst was obtained by following the procedure of Example 7-1, except that the amount of 
25 silica was changed to 60 g and the amount of the activated alumina was changed to 36 g. 

Example 7-6 

A complete catalyst was obtained by following the procedure of Example 7-1, except that the amount of 
30 silica was changed to 0.4 g and the amount of the activated alumina was changed to 99.6 g. 

Example 7-7 

A complete catalyst was obtained by following the procedure of Example 7-1, except that the amount of 
35 barium acetate was changed from 16.7 g to 133.6 g. 

Example 7-8 

A complete catalyst was obtained by following the procedure of Example 7-1, except that the amount of 
40 barium acetate was changed from 16.7 g to 0.83 g. 

Example 7-9 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that 28.2 g of calcium 
45 acetate was used in the place of barium acetate. 

Example 7-10 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that 1 9.8 g of strontium 
so acetate was used in the place of barium acetate. 

Example 7-1 1 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that the Ce0 2 /2r0 2 
55 ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 30 g). 
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Example 7-12 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 160 g). 

5 

Example 7-13 

A complete catalyst was obtained by following the procedure of Example 7-1, except that the Ce0 2 /Zr0 2 
ratio was changed to 10/3 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

10 

Example 7-14 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

15 

Example 7-15 

A complete catalyst was obtained by following the procedure of Example 7- 1 , except that 35. 3 g of mag- 
nesium acetate was used in the place of barium acetate. 

20 

Example 7-16 

A complete catalyst was obtained by following the procedure of Example 7-1, except that an aqueous pal- 
ladium nitrate solution containing 2 g of palladium was used in the place of the aqueous palladium nitrate sol- 
25 ution containing 4 g of palladium. 

Example 7-17 

A complete catalyst was obtained by following the procedure of Example 7-1, except that an aqueous pal- 
30 ladium nitrate solution containing 16 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 16 g of palladium. 

Example 7-18 

35 A complete catalyst was obtained by following the procedure of Example 7-1 , except that an aqueous pal- 

ladium nitrate solution containing 40 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 7-1 g 

40 

A complete catalyst was obtained by following the procedure of Example 7-1, except that a ratio of 
Ce0 2 /Zr0 2 was changed to 10/1 ( total of Ce0 2 and Zr0 2 was 260 g ). 

Control 7-1 

45 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that the use of barium 
acetate was omitted. 

Control 7-2 

50 

A complete catalyst was obtained by following the procedure of Example 7-1 , except that the use of titanium 
oxide was omitted. 

Control 7-3 

55 

A complete catalyst was obtained by following the procedure of Example 7-1, except that the use of silica 
was omitted. 
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Control 7-4 



A complete catalyst was obtained by following the procedure of Example 7-1 , except that the use of zirconyl 
oxy nitrate was omitted. 

5 

Control 7-5 

A powder was obtained by mixing an aqueous palladium nitrate solution containing 2.25 g of palladium with 
an aqueous rhodium nitrate solution containing 0.22 g of rhodium, impregnating 200 g of the same activated 
10 alumina as used in Example 7-1 with the resultant mixed solution, drying the product of impregnation, and cal- 
cining the dried solid. A complete catalyst was produced by wet pulverizing in a ball mill the powder and 100 
g of the same cerium oxide as used in Example 7-1 and treating the product of pulverization in the same manner 
as in Example 7-1. 

15 Control 7-6 



A powder was obtained by mixing an aqueous platinum dinitrodiamine solution containing 2.25 g of platinum 
with an aqueous rhodium nitrate solution containing 0.22 g of rhodium and impregnating 100 g of the same 
activated alumina as used in Example 7-1 with the resultant mixed solution, A complete catalyst was obtained 
20 by wet pulverizing in a ball mill the powder and 100 g of the same cerium oxide as used in Example 7-1 and 
treating the product of pulverization in the same manner as in Example 7-1. 

Supporting amount of each catalytic components of the catalyst thus obtained in Examples and Controls 
per liter of the catalyst are shown in Table 16. 

25 Example 7-20 

The catalysts of Examples 7-1 to 7-19 and the catalysts of Controls 7-1 to 7-6 were tested for catalytic activi- 
ty after an engine durability test in the same manner as in Examples 3-21. The results are shown in Table 17. 

30 



35 



40 



45 



50 



55 
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5 



Table 16 



10 




Noble 
metal* 


Alkaline 
earth metal 
oxide* 


titanium 
oxide 


Silica 


CeO,/ 

ZrO" 2 
** 


Total Ce0 2 

and Zr0 2 
* 




Example 7-1 


Pd: 2.0 


BaO: 5.0 


50 


2 


10/1 


50 




Example 7-2 


Pd: 2.0 


BaO: 5.0 


10 


2 


10/1 


50 


15 


Example 7-3 


Pd: 2.0 


BaO: 5.0 


90 


2 


10/1 


50 




Example 7-4 


Pd: 2.0 


BaO: 5.0 


50 


2 


10/1 


50 




Example 7-5 


Pd: 2.0 


BaO: 5.0 


50 


30 


10/1 


50 


20 


Example 7-6 


Pd: 2.0 


BaO: 5.0 


50 


0.2 


10/1 


50 


Example 7-7 


Pd: 2.0 


BaO: 40.0 


50 


2.0 


10/1 


50 




Example 7-8 


Pd: 2.0 


BaO: 0.25 


50 


2.0 


10/1 


50 




Example 7-9 


Pd: 2.0 


CaO: 5.0 


50 


2.0 


10/1 


50 


25 


Example 7-10 


Pd: 2.0 


SrO: 5.0 


50 


2.0 


10/1 


50 




Example 7-11 


Pd: 2.0 


BaO: 5.0 


50 


2.0 


10/1 


15 




Example 7-12 


Pd: 2.0 


BaO: 5.0 


50 


2.0 


10/1 


80 


30 


Example 7-13 


Pd: 2.0 


BaO: 5.0 


50 


2.0 


10/3 


50 




Example 7-14 


Pd: 2.0 


BaO: 5.0 


50 


2.0 


25/1 


50 




Example 7-15 


Pd: 2.0 


MgO: 5.0 


50 


2.0 


10/1 


50 


35 


Example 7-16 


Pd: 1.0 


BaO: 5.0 


50 


2.0 


10/1 


50 




Example 7-17 


Pd: 8.0 


BaO: 5.0 


50 


2.0 


10/1 


50 




Example 7-18 


Pd: 20.0 


BaO: 5.0 


50 


2.0 


10/1 


50 




Example 7-19 


Pd: 2.0 


BaO: 5.0 


50 


2 


10/1 


130 


40 


Control 7-1 


Pd: 2.0 




50 


2 


10/1 


50 




Control 7-2 


Pd: 2.0 


BaO: 5.0 




2 


10/1 


50 




Control 7-3 


Pd: 2.0 


BaO: 5.0 


50 




10/1 


50 


45 


Control 7-4 


Pd: 2.0 


BaO: 5.0 


50 


2 


10/- 


50 




Control 7-5 


Pd: 1.125 








10/- 


50 






Ph: 0.11 














Control 7-6 


Pt: 1.125 








10/- 


50 


50 




Ph: 0.11 











* Amount, g T carried per liter of catalyst 



** Weight ratio of oxides 
55 
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Table 17 



* 


Purifying ratio at 
crossover point (%) 


T^n f* \7 i r*> CT rn t in 

atATFof 13.8(%) 


Light off temperature 
CO 


CO-NO 


HC 


CO 


HC 


NO 


Example 7-1 


89 


92 


80 


350 


354 


361 


Example 7-2 


84 


90 


79 


370 


374 


381 


Example 7-3 


91 


93 


82 


349 


353 


360 


Example 7-4 


89 


92 


80 


350 


354 


361 


Example 7-5 


89 


92 


82 


351 


355 


362 


Example 7-6 


89 


92 


79 


350 


354 


362 


Example 7-7 


89 


92 


80 


352 


356 


363 


Example 7-8 


88 


91 


78 


353 


357 


364 


Example 7-9 


89 


92 


80 


350 


354 


361 


Example 7-10 


89 


92 


80 


350 


354 


351 


Example 7-11 


85 


90 


78 


360 


364 


371 


Example 7-12 


89 


92 


80 


348 


352 


359 


Example 7-13 


87 


91 


79 


352 


355 


363 


Example 7-14 


88 


92 


80 


350 


354 


361 


Example 7-15 


87 


90 


75 


355 


359 


366 


Example 7-16 


80 


87 


73 


393 


397 


405 


Example 7-17 


95 


96 


89 


328 


332 


322 


Example 7-18 


100 


100 


93 


284 


286 


295 


Example 7-19 


90 


93 


81 


345 


349 


356 


Control 7-1 


85 


89 


25 


411 


419 


401 


Control 7-2 


85 


92 


80 


366 


370 


377 


Control 7-3 


88 


92 


74 


356 


360 


367 


Control 7-4 


80 


89 


73 


398 


400 


407 


Control 7-5 


73 


83 


65 


401 


410 


398 


Control 7-6 


68 


80 


50 


411 


420 


403 



* Magnitude of purifying ratio at intersection between CO-NOx; CO purifying 
ratio curve and NOx purifying ratio curve 
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Example 8-1 

A powder of the amount 100 g was obtained by mixing a commercially available cerium oxide (Ce0 2 , speci- 
fic surface area 149 m 2 /g) with an aqueous zirconyl oxynitrate solution in a Ce0 2 /Zr0 2 ratio of 10/1 (the total 

5 weight of Ce0 2 and 2r0 2 : 100 g), drying the resultant mixture, and calcining the dried mixture at 500°C for one 
hour. This powder and 190 g of an activated alumina (y-AI 2 0 3 , average particle diameter 45 u.m, and specific 
surface area 155 m 2 /g) were immersed in an aqueous ferric nitrate solution containing 10 g as iron oxide. The 
product of immersion was dried and calcined at 500°C for 1 hour. A water-soluble slurry was prepared by wet 
pulverizing in a ball mill the resultant powder, 16.7 g of barium acetate, and an aqueous palladium nitrate sol- 

10 ution containing 4 g of palladium. A monolithic carrier of cordierite (33 mm in outside diameter x 76 mm in length) 
possessing 400 cells per square inch of cross-sectional area was immersed in the slurry, taken out of the slurry, 
blown with compressed air to expel the excessive slurry remaining within the cells, then dried, and calcined, 
to produce a complete catalyst. 

15 Example 8-2 

A complete catalyst was obtained by following the procedure of Example 8-1, except that cotalt nitrate (10 
g as cobalt oxide) was used in the place of the ferric nitrate (10 g as iron oxide). 

20 Example 8-3 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that nickel nitrate (10 
g as nickel oxide) was used in the place of the ferric nitrate (10 g as iron oxide). 

25 Example 8-4 

A complete catalyst was obtained by following the procedure of Example 8-1, except that ferric nitrate (0.2 
g as iron oxide) was used in the place of the ferric nitrate (10 g as iron oxide). 

30 Example 8-5 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that ferric nitrate (40 
g as iron oxide) was used in the place of the ferric nitriate (10 g as iron oxide). 

35 Example 8-6 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that the amount of 
barium acetate was changed from 16.7 g to 133.6 g. 

40 Example 8-7 

A complete catalyst was obtained by following the procedure of Example 8-1, except that the amount of 
barium acetate was changed from 16.7 g to 0.83 g. 

45 Example 8-8 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that 28.2 g of calcium 
acetate was used in the place of barium acetate. 

so Example 8-9 

A complete catalyst was obtained by following the procedure of Example 8-1, except that 19.8 g of strontium 
acetate was used in the place of barium acetate. 

55 Example 8-10 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total w ight of Ce0 2 and Zr0 2 : 30 g). 
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Example 8-1 1 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 160 g). 

5 

Example 8-12 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 10/3 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

10 

Example 8-13 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that the Ce0 2 /Zr0 2 
ratio was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

15 

Example 8-14 

A complete catalyst was obtained by following the procedure of Example 8-1, except that an aqueous pal- 
ladium nitrate solution containing 2 g of palladium was used in the place of the aqueous palladium nitrate sol- 
20 ution containing 4 g of palladium. 

Example 8-15 

A complete catalyst was obtained by following the procedure of Example 8-1, excepting an aqueous pal- 
25 (adium nitrate solution containing 16 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 8-16 

30 A complete catalyst was obtained by following the procedure of Example 8-1 , except that an aqueous pal- 

ladium nitrate solution containing 40 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 4 g of palladium. 

Example 8-17 

35 

A complete catalyst was obtained by the following procedure of Example 8-1 , except that ratio of Ce0 2 /Zr0 2 
was changed to 10/1 (Total of Ce0 2 and Zr0 2 was 260g). 

Control 8-1 

40 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that the use of iron 
oxide was omitted. 

Control 8-2 

45 

A complete catalyst was obtained by following the procedure of Example 8-1, except that the use of barium 
acetate was omitted. 

Control 8-3 

50 

A complete catalyst was obtained by following the procedure of Example 8-1 , except that the use of zirconyl 
oxynitrate was omitted. 

Control 8-4 

55 

A powder was obtained by mixing an aqueous palladium nitrate solution containing 2.25 g of palladium with 
an aqueous rhodium nitrate solution containing 0.22 g of rhodium, impregnating 200 g of the same activated 
alumina as used in Example 8-1 with the resultant mixed solution, drying the product of immersion, and calcining 
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the dried solid. A complete catalyst was obtained by wet pulverizing in a ball mill the resultant powder and 100 
g of the same cerium oxide as used in Example 8-1 and treating the product of pulverization in the same manner 
as in Example 8-1. 

5 Control 8-5 

A powder was obtained by mixing an aqueous platinum dinitrodiamine solution containing 2.25 g of platinum 
with an aqueous rhodium nitrate solution containing 0.22 g of rhodium and impregnating 200 g of the same 
activated alumina as used in Example 8-1 with the resultant mixed solution. A complete catalyst was produced 
10 by wet pulverizing in a ball mill the powder and 100 g of the same cerium oxide as used in Example 8-1 and 
treating the product of pulverization in the same manner as in Example 8-1. 

Supporting amount of each catalytic components of the catalyst thus obtained in Examples and Controls 
per liter of the catalyst are shown in Table 18. 

15 Example 8-18 

The catalysts obtained in Examples 8-1 to 8-1 7 and the catalysts obtained in Controls 8-1 to 8-5 were tested 
for catalytic activity after an engine durability test in the same manner as in Example 3-21 . The results are shown 
in Table 19. 

20 
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Table 18 



10 




Noble 
metal* 


Alkaline 
earth metal 
oxide* 


Additive 
(oxide)* 


Ce02/2r02 
** 


Total Ce0 2 

and ZrO n 
* 




Example 8-1 


Pd : 2.0 


BaO:5.0 


Fe:5.0 


10/1 


50 


15 


Example 8-2 


Pd:2.0 


BaO : 5.0 


Co: 5.0 


10/1 


50 




Example 8-3 


Pd:2.0 


BaO:5.0 


Ni : 5.0 


10/1 


50 




Example 8-4 


Pd:2.0 


BaO : 5.0 


Fe:0.1 


10/1 


50 


20 


Example 8-5 


Pd:2.0 


BaO : 5.0 


Fe : 20.0 


10/1 


50 




Example 8-6 


Pd:2.0 


BaO : 40.0 


Fe : 5.0 


10/1 


50 




Example 8-7 


Pd : 2.0 


BaO :0.25 


Fe : 5.0 


10/1 


50 


25 


Example 8-8 


Pd : 2.0 


CaO :5.0 


Fe : 5.0 


10/1 


50 


Example 8-9 


Pd : 2.0 


SrO : 5.0 


Fe : 5.0 


10/1 






j-.it.-i 1 h Q ^ i\ 

JcjXampie o-iu 


Jra : 2.0 


BaO : 5.0 


Fe : 5.0 


10/1 


15 




Example 8-11 


Pd : 2.0 


BaO: 5.0 


Fe:5.0 


10/1 


80 


30 


Example 8-12 


Pd : 2.0 


BaO: 5.0 


Fe:5.0 


10/3 


50 




Example 8-13 


Pd : 2.0 


BaO : 5.0 


Fe:5.0 


25/1 


50 




Example 8-14 


Pd:1.0 


BaO ; 5.0 


Fe:5.0 


10/1 


50 


35 


Example 8-15 


Pd : 8.0 


BaO : 5.0 


Fe : 5.0 


10/1 


50 




Example 8-16 


Pd : 20.0 


BaO : 5.0 


Fe : 5.0 


10/1 


50 




Example 8-17 


Pd : 2.0 


BaO : 5.0 


Fe : 5.0 


10/1 


130 




Control 8-1 


Pd : 2.0 


BaO : 5.0 




10/1 


50 


40 


Control 8-2 


Pd : 2.0 




Fe:5.0 


10/1 


50 




Control 8-3 


Pd : 2.0 


BaO : 5.0 


Fe : 5.0 


10/- 


50 




Control 8-4 


Pd : 1.125 






10/- 


50 


45 




Ph : 0.11 












Control 8-5 


Pd : 1.125 






10/- 


50 






Ph:0.11 









* Amount, g, carried per liter of catalyst 

* "Weight ratio of oxides 

50 
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Table 19 



10 




Purifying ratio at 
crossover point (%) 


Purifying 
ratio at A/F 
of 14.2(%) 


Light off temperature 
(°C) 


15 




CO-NO* 


HC 


NO 


CO 


HC 


NO 




Example 8-1 


84 


91 


79 


358 


372 


379 




Example 8-2 


84 


92 


78 


360 


373 


380 


20 


Example 8-3 


84 


91 


78 


358 


372 


379 


Example 8-4 


84 


91 


75 


359 


372 


379 




Example 8-5 


85 


92 


80 


356 


370 


377 




Example 8-6 


85 


92 


81 


357 


371 


378 


25 


Example 8-7 


84 


91 


75 


358 


372 


380 




Example 8-8 


84 


91 


78 


358 


372 


379 




Example 8-9 


84 


91 


78 


358 


371 


380 


30 


Example 8-10 


81 


90 


79 


388 


392 


390 




Example 8-11 


85 


92 


79 


356 


370 


378 




Example 8-12 


84 


92 


79 


358 


371 


379 


35 


Example 8-13 


83 


92 


78 


360 


373 


380 


Example 8-14 


77 


86 


75 


399 


401 


407 




Example 8-15 


94 


95 


88 


334 


338 


329 




Example 8-16 


100 


100 


95 


292 


294 


304 


40 


Example 8-17 


87 


93 


80 


353 


367 


375 




Control 8-1 


78 


88 


67 


396 


400 


407 




Control 8-2 


50 


72 


24 


413 


421 


404 


45 


Control 8-3 


70 


81 


66 


405 


413 


396 




Control 8-4 


73 


83 


65 


401 


410 


398 




Control 8-5 


68 


80 


50 


411 


420 


403 



* Magnitude of purifying ratio at intersection between CO-NOx ; CO purifying 
ratio curve and NOx purifying ratio curve 
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Example 9-1 

Catalyst on exhaust gas inlet side: 

5 A powder of the amount 200 g was obtained by mixing a commercially available cerium oxide (Ce0 2 , speci- 

fic surface area 149 m 2 /g) with an aqueous zirconyl oxynitrate solution in a Ce0 2 /Zr0 2 ratio of 1 0/1 (total weight 
of Ce0 2 and Zr0 2 : 100 g), drying the resultant mixture, and calicining the dried mixture at 500°C for 1 hour. An 
aqueous slurry was prepared by wet pulverizing in a ball mill the powder, 400 g of activated alumina (Y-AI2O3, 
average particle diameter 45 \xm, and specific surface area 155 m 2 /g), 33.4 g of barium acetate, and an aqueous 

10 palladium nitrate solution containing 12 g of palladium. A complete catalyst was produced by immersing 0.5 
liter of monolithic carrier of cordierite possessing 400 cells per square inch of cross-sectional area in the slurry, 
removing the carrier, blowing the wet carrier thereby expelling the excessive slurry remaining within the cells, 
drying the carrier, and calcining the dried carrier. Catalyst on exhaust gas outlet side: 

A powder was obtained by impregnating 400 g of an activated alumina (t-AI 2 0 3 , average particle diameter 

15 45 urn, and specific surface area 155 m 2 /g) with an aqueous nitric acid solution of platinum dinitrodiamine con- 
taining 3.33 g of platinum and rhodium nitrate containing 0.667 g of rhodium, drying the product of impregnation, 
and firing the dried solid at 400°C for two hours. An aqueous slurry was prepared by wet pulverizing in a ball 
mill the powder and 200 g of a commercially available cerium oxide (Ce0 2 , specific surface area 149 m 2 /g). A 
complete catalyst was produced by immersing 0.5 liter of monolithic carrier of cordierite possessing 400 cells 

20 per square inch of crosssectional area, removing the carrier, blowing the wet carrier with compressed air there- 
by expelling the excessive slurry remaining within the cells, drying the wet carrier, and calcining the dried carrier. 

Example 9-2 

25 A complete catalyst was obtained by following the procedure of Example 9-1, except that the amount of 

the barium acetate in the exhaust gas inlet side catalyst was changed from 33.4 g to 267. 2g. 

Example 9-3 

30 A complete catalyst was obtained by following the procedure of Example 9-1, except that the amount of 

the barium acetate in the exhaust gas inlet side catalyst was changed from 33.4 g to 1.66 g. 

Example 9-4 

35 A complete catalyst was obtained by following the procedure of Example 9-1 , except that 56.4 g of calcium 

acetate was used in the place of the barium acetate in the exhaust gas inlet side catalyst. 

Example 9-5 

40 A complete catalyst was obtained by following the procedure of Example 9-1 , except that 39.6 g of strontium 

acetate was used in the place of the barium acetate in the exhaust gas inlet side catalyst. 

Example 9-6 

45 A complete catalyst was obtained by following the procedure of Example 9-1, except that the Ce0 2 /Zr0 2 

ratio in the exhaust gas inlet side catalyst was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 60 g) and 
the amount of the activated alumina was changed to 540 g. 

Example 9-7 

50 

A complete catalyst was obtained by following the procedure of Example 9-1 , excepting the Ce0 2 /Zr0 2 ratio 
in the exhaust gas inlet side catalyst was changed to 10/1 (the total weight of Ce0 2 and Zr0 2 : 320 g) and the 
amount of the activated alumina was changed to 280 g. 

55 Example 9-8 

A complete catalyst was obtained by following the procedure of Example 9-1 , excepting the Ce0 2 /Zr0 2 ratio 
in the exhaust gas inlet side catalyst was changed to 10/3 (the total weight of Ce0 2 and Zr0 2 : 200 g). 
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Example 9-9 

A complete catalyst was obtained by following the procedure of Example 19-1, except that the Ce0 2 /Zr0 2 
ratio in the exhaust gas inlet side catalyst was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

5 

Example 9-10 

A complete catalyst was obtained by following the procedure of Example 9-1, except that 70.6 g of mag- 
nesium acetate was used in the place of the barium acetate in the exhaust gas inlet side catalyst. 

10 

Example 9-1 1 

A complete catalyst was obtained by following the procedure of Example 9-1, except that an aqueous pal- 
ladium nitrate solution containing 4 g of palladium was used in the place of the aqueous palladium nitrate sol- 
15 ution containing 12 g of palladium in the exhaust gas inlet side catalyst. 

Example 9-12 

A complete catalyst was obtained by following the procedure of Example 9-1 , except that an aqueous pal- 
20 ladium nitrate solution containing 32 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 12 g of palladium in the exhaust gas inlet side catalyst. 

Example 9-13 

25 A complete catalyst was obtained by following the procedure of Example 9-1 , except that an aqueous pal- 

ladium nitrate solution containing 80 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 12 g of palladium in the exhaust gas inlet side catalyst. 

Example 9-14 

30 

A complete catalyst was obtained by following the procedure of Example 9-1 , except that an aqueous nitric 
acid solution of platinum d in itrodi amine containing 1.67 g of platinum and palladnium nitrate containing 1.67 g 
of palladium were used in the place of 3.33 g of platinum in the exhaust gas outlet side catalyst. 

35 Example 9-15 

A complete catalyst was obtained by following the procedure of Example 9-1, except that a ratio of 
Ce0 2 /2r0 2 was changed to 10/1 (total of Ce0 2 and Zr0 2 was 520g) and amount of activated alumina was 80g. 

40 Control 9-1 

The procedure of Example 9-1 was repeated, except that the exhaust gas inlet side catalyst was equalized 
with the exhaust gas outlet side catalyst. 

45 Control 9-2 

A complete catalyst was obtained by following the procedure of Example 9-1 , except that the use of barium 
aceatate in the exhaust gas inlet side catalyst was omitted. 

so Control 9-3 

A complete catalyst was obtained by following the procedure of Example 9-1 , except that the use of zirconyl 
oxynitrate in the exhaust gas inlet side catalyst was omitted. 

55 Control 9-4 

A complete catalyst was obtained by following the procedure of Example 9-1 , except that the use of zirconyl 
oxynitrate and the use of barium acetate in the exhaust gas inlet side catalyst were omitted. 
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Supporting amount of each catalytic components of the catalyst thus obtained in Example and Controls 
per liter of the catalyst are shown in Table 20. 

Example 9-16 

5 

The catalysts of Examples 9-1 to 9-1 5 and the catalysts of Controls 9-1 to 9-4 were tested for catalytic activi- 
ty after an engine durability test in the same manner as in Example 3-21. The results are shown in Table 21. 

10 

15 
20 
25 
30 
35 
40 
45 
50 
55 
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Table 20 





Catalyst in exhaust gas inlet side 


Catalyst in exhaust 
gas outlet side 


JNoble 
metal* 


Alkaline 
earth 
metal 
oxide* 


CeO. 
/ZrO* 


Total 
CeOo and 
ZrO, 

* 


Noble metal* 


Ce0 2 * 


.bxample 9-1 


Pd3.0 


BaO :5.0 


10/1 


50 


jri : u.oo, itn: u.ib / 


50 


Example 9-2 


Pd3.0 


BaO : 40 


10/1 


50 




OU 


Example 9-3 


Pd3.0 


BaO: 
0.25 


10/1 


50 


Pt:0.83,Rh: 0.167 


50 


Example 9-4 


Pd3.0 


CaO : 5.0 


10/1 


50 


"Oi. . n OO 131*. n "1^*7 

ft : U.odjKn: (J.lb7 


50 


Example 9-5 


Pd3.0 


SrO : 5.0 


10/1 


50 


T^f - A ftQ T?Vk-ri 1C7 
Jtt . U.OO } rvn: U.io / 


OU 


lijxampie y-b 


Pd3.0 


BaO: 5.0 


10/1 


15 


Pt : 0.83,Rh: 0.167 


50 


Example 9-7 


Pd3.0 


BaO: 5.0 


10/1 


80 


Pt:0.83,Rh: 0.167 


50 


Example 9-8 


Pd3.0 


BaO: 5.0 


10/3 


50 


Pt:0.83,Rh: 0.167 


50 


Examtjle 9-9 


Pd3.0 


BaO: 5.0 


25/1 


50 


Pt: 0.83 ,Rh: 0.167 


50 


Example 9-10 


Pd3.0 


MgO : 5.0 


10/1 


50 


Pt: 0.83 ,Rh: 0.167 


50 


Example 9-11 


Pdl.O 


BaO : 5.0 


10/1 


50 


Pt:0.83,Rh: 0.167 


50 


Example 9-12 


Pd8.0 


BaO : 5.0 


10/1 


50 


Pt:0.83,Rh: 0.167 


50 


Example 9-13 


Pd 20.0 


BaO: 5.0 


10/1 


50 


Pt:0.83,Rh: 0.167 


50 


Example 9-14 


Pd3.0 


BaO : 5.0 


10/1 


50 


Pt:0.83,Rh: 0.167 


50 


Example 9-15 


Pd 3.0 


BaO : 5.0 


10/1 


130 


Pt:0.83,Rh: 0.167 


50 


Control 9-1 


Pt:0.83 
Ph: 0.167 




10/1 


50 


Pt:0.83 t Rh: 0.167 


50 


Control 9-2 


Pd : 3.0 




10/1 


50 


Pt:0.83,Rh: 0.167 


50 


Control 9-3 


Pd : 3.0 


BaO : 5.0 


1/- 


50 


Pt:0.83,Rh: 0.167 


50 


Control 9-4 


Pd : 3.0 




1/- 


50 


Pt: 0.83 ,Rh: 0.167 


50 



Amount, g, carried per liter of catalyst 



Weight ratio of oxides 
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Table 21 



10 



15 



20 



25 



30 



35 



40 



45 





Purifying ratio at 
crossover point (%) 


Purifying ratio at 
A/Fof 14.2(%) 


Light off 
temperature (°C) 


CO - NOx* 


HC 


CO 


HP 


NOy 


ro 


HP 






92 


94 


36 


70 


92 


335 


344 


352 


TT, v o rr\ -r\l Q 9 


94 


95 


38 


72 


94 


331 


340 


349 




87 


90 


35 


68 


88 


340 


346 


354 


Example 9-4 


91 


94 


36 


70 


91 


336 


347 


354 


Jix ample y-o 


92 


94 


36 


70 


92 


336 


344 


353 


iziXaJnpie y-o 


87 


90 


35 


68 


90 


351 


360 


367 


iixampie y- / 


93 


95 


37 


71 


92 


333 


342 


350 


jLxampie y-o 


92 


94 


36 


70 


92 


334 


343 


352 


iiiXampie y-y 


92 


94 


36 


69 


92 


334 


344 


353 


JZiX. al II pit; C7- 1 U 


86 


90 


36 


67 


86 


353 


362 


369 


Example 9-11 


86 


90 


36 


60 


87 


370 


375 


373 


Example 9-12 


94 


96 


38 


73 


95 


310 


319 


327 


Example 9-13 


98 


98 


39 


75 


99 


280 


298 


302 


Example 9-14 


92 


94 


36 


70 


92 


336 


343 


353 


Example 9-15 


94 


95 


37 


72 


92 


330 


339 


347 


Control 9-1 


85 


88 


35 


53 


85 


375 


380 


368 


Control 9-2 


80 


85 


33 


60 


70 


385 


390 


390 


Control 9-3 


76 


83 


33 


60 


78 


376 


375 


370 


Control 9-4 


73 


79 


33 


58 


67 


390 


395 


395 



Magnitude of purifying ratio at intersection between CO-NOx ; CO 
purifying ratio curve and NOx purifying ratio curve 



50 



Example 10-1 

55 

Catalyst on exhaust gas inlet side: 



A powder was obtained by impregnating 400 g of an activated alumina (y-AI 2 0 3 , average particle diameter 

51 



BNSDOCID: <EP 05O7590A1 I > 



EP 0 507 590 A1 



45 f.tm, and specific surface area 155 m 2 /g) with an aqueous nitric acid solution of platinum dinitrodiamine con- 
taining 3.33 g of platinum and rhodium nitrate containing 0.667 g of rhodium, drying the product of impregnation, 
and calicining the dried solid at 400°C for 2 hours. An aqueous slurry was prepared by wet pulverizing in a ball 
mill the powder and 200 g of a commercially available cerium oxide (Ce0 2 , specific surface area 149 m 2 /g). A 
5 complete catalyst was produced by immersing 0.5 liter of monolithic carrier of cordierite possessing 400 cells 
per square inch of crosssectional area in the slurry, removing the carrier, blowing the wet carrier thereby expel- 
ling the excessive slurry remaining within the cells, drying the wet carrier, and calicining the dried carrier. 

Catalyst on exhaust gas outlet side: 

10 

A powder of the amount 200 g was obtained by mixing a commercially available cerium oxide (Ce0 2 , speci- 
fic surface area 149 m 2 /g) with an aqueous zirconyl oxynitrate solution in a Ce0 2 /Zr0 2 ratio of 10/1 (the total 
weight of Ce0 2 and Zr0 2 : 100 g), drying the resultant mixed solution, and calcining the fired mixture at 500°C 
for 1 hour. An aqueous slurry was prepared by wel pulverizing in a ball mill the powder, 400 g of an activated 
15 alumina (y-AI 2 0 3 , average particle diameter 45 urn, and specific surface area 155 m 2 /g), 33.4 g of barium ace- 
tate, and an aqueous palladium nitrate solution containing 12 g of palladium. A complete catalyst was produced 
by immersing 0.5 liter of monolithic carrier of cordierite possessing 400 cells per square inch of cross-sectional 
area in the slurry, removing the carrier, blowing the wet carrier with compressed air thereby expelling the exces- 
sive slurry remaining within the cells, drying the wet carrier, and calicining the dried carrier. 

20 

Example 10-2 

A complete catalyst was obtained by following the procedure of Example 10-1, except that the amount of 
barium acetate in the exhaust gas outlet side catalyst was changed from 33.4 g to 267.2 g. 

25 

Example 10-3 

A complete catalyst was obtained by following the procedure of Example 10-1, except that the amount of 
barium acetate in the exhaust gas outlet side catalyst was changed from 33.4 g to 1,66 g. 

30 

Example 10-4 

A complete catalyst was obtained by following the procedure of Example 1 0-1 , except that 56.4 g of calcium 
acetate was used in the place of the barium acetate in the exhaust gas outlet side catalyst. 

35 

Example 10-5 

A complete catalyst was obtained by following the procedure of Example 10-1, except that 39.6 g of stron- 
tium acetate was uded in the place of the barium acetate in the exhaust gas outlet side catalyst. 

40 

Example 10-6 

A complete catalyst was obtained by following the procedure of Example 10-1 , except that the Ce0 2 /Zr0 2 
ratio in the exhaust gas outlet side catalyst was changed to 1 0/1 (the total weight of Ce0 2 and Zr0 2 : 60 g) and 
45 the amount of the activated alumina was changed to 540 g. 

Example 10-7 

A complete catalyst was obtained by following the procedure of Example 10-1, except that the Ce0 2 /Zr0 2 
so ratio in the exhaust gas outlet side catalyst was changed to 10/1 (the total weight of Ce0 2 and ZrQ 2 : 320 g) 
and the amount of the activated alumina was changed to 280 g. 

Example 10-8 

55 A complete catalyst was obtained by following the procedure of Example 1 0-1 , except taht the CeCVZrC^ 

ratio in the exhaust gas outlet side catalyst was changed to 10/3 (the total weight of Ce0 2 and Zr0 2 : 200 g). 
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Example 10-9 

A complete catalyst was obtained by following the procedure of Example 10-1, except that the Ce0 2 /Zr0 2 
ratio in the exhaust gas outlet side catalyst was changed to 25/1 (the total weight of Ce0 2 and Zr0 2 : 100 g). 

5 

Example 10-10 

A complete catalyst was obtained by following the procedure of Example 10-1 , except that 70.6 g of mag- 
nesium acetate was used in the place of the barium acetate in the exhaust gas outlet side catalyst 

10 

Example 10-11 

A complete catalyst was obtained by following the procedure of Example 1 0-1, except taht an aqueous pal- 
ladium nitrate solution containing 4 g of palladium was used in the place of the aqueous palladium acetate sol- 
15 ution containing 12 g of palladium in the exhaust gas outlet side catalyst. 

Example 10-12 

A complete catalyst was obtained by following the procedure of Example 1 0-1 , except that an aqueous pal- 
20 ladium nitrate solution containing 32 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 12 g of palladium in the exhaust gas outlet side catalyst. 

Example 10-13 

25 A complete catalyst was obtained by following the procedure of Example 1 0-1 , except that an aqueous pal- 

ladium nitrate solution containing 80 g of palladium was used in the place of the aqueous palladium nitrate sol- 
ution containing 12 g of palladium in the exhaust gas outlet side catalyst. 

Example 10-14 

30 

A complete catalyst was obtained by following the procedure of Example 10-1 , except that an aqueous nitric 
acid solution of platinum dinitrodiamine containing 1.67 g of platinum and palladium nitrate containing 1.67 g 
of palladium were used in the place of 3.33 g of the platinum in the exhaust gas inlet side catalyst 

35 Example 10-15 

A complete catalyst was obtained by following the procedure of Example 10-1, except that a ratio of 
Ce0 2 /Zr0 2 was changed to 10/1 (total of Ce0 2 and Zr0 2 was 520g) and an amount of activated alumina was 
changed to 80g) 

40 

Control 10-1 

The procedure of Example 10-1 was repeated, except that the exhaust gas outlet side catalyst was equal- 
ized with the exhaust gas inlet side catalyst. 
45 Control 10-2 

A complete catalyst was obtained by following the procedure of Example 10-1, except that the use of the 
barium acetate in the exhaust gas outlet side catalyst was omitted. 

Control 10-3 

50 

A complete catalyst was obtained by following the procedure of Example 10-1, except that the use of zir- 
conyl oxynitrate in the exhaust gas outlet side catalyst was omitted. 

Control 10-4 

55 

A complete catalyst was obtained by following the procedure of Example 10-1, except that the use of zir- 
conyl oxynitrate and the use of barium acetate in the exhaust gas outlet side catalyst were omitted. 

Supporting amount of each catalytic components of the catalyst thus obtained in Examples and Controls 
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per liter of the catalyst are shown in Table 22. 

The catalysts of Examples 10-1 to 1 0-15 and the catalysts of Controls 1 0-1 to 1 0-4 were tested for catalytic 
activity after an engine durability test in the same manner as in Example 3-21. The results are shown in Table 
23. 
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Claims 

55 1. An exhaust gas purifying catalyst for simultaneous removal of carbon monoxide, hydrocarbons and nitro- 
gen oxides from an exhaust gas from an internal -combustion engine, having, carried on a monolithic car- 
rier, a mixture comprising a catalytically active component comprising 0.5 to 30g of an alkaline earth metal 
oxide, 10g to 1 50g of cerium oxide, and 0.1 to50g ofzirconium oxide and 10to 300g of an activated alumi- 
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na, and optionally, a titanium oxide in an amount in the range of from 1 to 150g and/or a silicon oxide in 
an amount in the range of from 0.05 to 50g is further contained per liter of catalyst and/or the oxide of at 
least one metal selected from the group consisting of iron, cobalt, and nickel is further contained in an 
amount in the range of from 0.1 to 20g per liter of catalyst. 

2. A catalyst according to Claim 1, wherein at least part of said cerium oxide and said zirconium oxide are 
present in the form of a composite or solid solution. 

3. A catalyst according to Claim 1 or Claim 2, wherein the ratio of said cerium oxide to said zirconium oxide 
(weight ratio as oxides) is in the range of from 100:2 to 100:60. 

4. A catalyst according to Claim 2, wherein said composite or solid solution formed of at least part of said 
cerium oxide and said zirconium oxide form crystals having diameters in the range of not more than 250 
A after 10 hours calcining in air at 900°C. 

5. A catalyst according to Claim 2 or Claim 4, wherein said composite or solid solution formed of at least part 
of said cerium oxide and said cerium oxide and said zirconium oxide, on being calcined for 10 hours in 
the air at 9O0°C, exhibits oxygen consumption at 400°C after 30 minutes reduction with hydrogen at 500° 
in the range of not less than 5 x 10- 5 mol (as 0 2 ) per g of said cerium oxide. 

6. A catalyst according to any of Claims 1 to 5, wherein said alkaline earth metal is at least one member selec- 
ted from the group consisting of beryllium, magnesium, calcium, strontium and barium or the group con- 
sisting of calcium, strontium, and barium. 

7. A catalyst according to any of Claims 1 to 6, wherein said activated alumina has a specific surface area 
in the range of from 10 to 400 m 2 /g. 

8. A catalyst according to Claim 2, wherein the amount of palladium is in the range of from 0. 25 to 25g, that 
of said alkaline earth metal oxide in the range of from 0.5 to 40g, that of said cerium oxide in the range of 
from 1 to 50g, and that of said activated alumina in the range of from 10 to 250g per liter of catalyst and 
the ratio of said cerium oxide to said zirconium oxide (weight ratio as oxides) is in the range of from 100:4 
to 100:40. 

9. A catalyst according to any of Claims 1 to 9, wherein a lanthanum oxide is further incorporated as a catalyti- 
cally active component in an amount in the range of from 1 to 50g per liter of catalyst. 

10. A catalyst according to Claim 9, wherein catalyst component comprising (a) palladium and an alkaline earth 
metal oxide, (b) a cerium oxide having carried thereon zirconium and lanthanum, and (c) an activated 
alumina oxide having carried thereon cerium and zirconium is deposited on a monolithic carrier. 

11. A catalyst according to Claim 10, wherein the ratio (weight ratio as oxides) of the cerium contained in the 
cerium oxide having zirconium and lanthanum carried thereon to the cerium contained in the refractory 
inorganic oxide having cerium and zirconium carried thereon is in the range of from 100:1 to 10:100. 

12. An exhaust gas purifying system, having as a catalyst on the exhaust gas inlet side thereof a catalyst set 
forth in any of Claims 1 to 1 1 and as a catalyst on the exhaust gas outlet side thereof a catalyst having 
carried on a monolithic carrier a mixture comprising a catalytic component consisting of (a) rhodium and 
platinum or (b) rhodium, platinum, and palladium and a refractory inorganic oxide. 

13. An exhaust gas purifying system, having as a catalyst on the exhaust gas outlet side thereof a catalyst 
having carried on a monolithic camera mixture comprising a catalytic component consisting of (a) rhodium 
and platinum or (b) rhodium, platinum, and palladium and a refractory inorganic oxide and as a catalyst 
on the exhaust gas inlet side thereof a catalyst set forth in any of Claims 1 to 1 1 . 
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